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In the preparation of this volume, the Upper Lakes Reference Group has
had the assistance of a large number of individuals who serve with the agencies
participating in this study. In many cases they have been called upon to do
work which is not in the line of their regular duties. The Reference Group
refers particularly to the Coordinating Committee and to those individuals who
participated directly in the writing.
To all of these individuals and to the many staff who have assisted in
the development of the information upon which Volume I is based, the Reference
Group offers its sincere thanks in acknowledging a job well done.
The task of preparing this volume called for a very vigorous and discip-




















of Volume I. Dr. M. P. Bratzel, Jr. of the Great Lakes Regional Office of the
International Joint Commission has been invaluable. The Reference Group
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 ﬂ SIIMMMIY ﬂ IllﬂllMMIHIIMIIINS
SUMMARY
The Upper Lakes Reference Group concludes that the water quality of Lake
Superior and Lake Huron is still excellent but that man's impact is clearly
evident.
Overall, the water quality is much better than both the objectives
given in the Water Quality Agreement and the jurisdictional standards, with
only isolated instances of pollution. The Reference Group considers it impe—
rative that the waters of the Upper Lakes be maintained at their present high
quality to preserve and protect all existing and future uses.
The following
discussion emphasizes the major concerns of the Reference Group andprovides
recommendations for protection of the lakes. The balance of the report, and
especially Chapter 7, may be consulted for the supporting details.
The Reference Group finds that the only transboundary water pollution
(violation of existing criteria, objectives, or standards) occurs in the St.
Marys River where the discharges of phenolic substances by Algoma Steel and by
the City of Sault Ste. Marie, Ontario violate the Agreement objectives. Also,
some species of fish in both lakes contain high concentrations of heavy metals
or toxic organics, which constitutes a whole lake problem. Point sources are
only a minor source of metals and organics and are generally under control.
The major sources are atmospheric inputs andland runoff which require better
understanding before specific control measures can be developed.
The Reference Group finds that there is some degradation of water quality
of both Lake Superior and Lake Huron caused by the inputs of nutrients, or-
ganics, and bacteria. The degradation related to nutrients and organics
affects both the open waters and nearshore areas of the Upper Lakes but con—
tributes only slightly to the problems in the Lower Lakes. Phosphorus is the
nutrient which usually limits growth in both the open lake and the nearshore
areas and is therefore considered in detail by the Reference Group. Bacte—
riological degradation is only found in nearshore areas with violations
occurring at some locations. There are also violations of the Ontario radio—
logical criteria for radium in drinking water supplies at Serpent Harbour on
the North Channel. Water quality in the western arm of Lake Superior has been
seriously degraded by the asbestos inputs by Reserve Mining Company at Silver
Bay, Minnesota.
The Reference Group finds atmospheric inputs are a significant source of
nutrients, metals, and organics, contributing about 15% of the phosphorus and
30—40% of the lead and the copper input to the Upper Lakes. However, the



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Municipal treatment facilities incorporating phosphorus removal have been
completed at Penetang Bay, Midland Bay, and Collingwood Harbour. Phosphorus
removal is presently planned for Cheboygan, Alpena, and Harbor Beach.
The Reference Group recommends:
1. Michigan ensure that the point source remedial programs in the
Saginaw Bag Basin are completed by December 1978, to reduce the
annual phosphorus load by 600 t/a.
2. Wisconsin and Minnesota ensure that the point source remedial
programs in the Duluth-Superior Harbor area are completed by De—
cember 1978, to reduce the annual phosphorus load by 160 t/a.
3. The condition of Saginaw Bay and of Duluth-Superior Harbor be re—
examined upon implementation of the phosphorus removal programs to
determine if additional load reductions are needed.
4. The identification and control of the sources of phosphorus con—
tributing to the problems in the Goderich area.
5. Surveillance be maintained at Penetang Bag, Midland Bay, and Col—
lingwood Harbour to determine whether improvements are occurring as
expected or whether additional remedial programs are warranted.
NONDEGRADATION (REFERENCE QUESTION 4)
The Reference Group concludes that it is desirable to maintain and
protect the present oligotrophic condition of Lake Huron and of Lake Superior
for present and future use andto ensure the delivery of high quality water to
the Lower Lakes. To maintain the present water quality in the Upper Lakes,
the following allowable phosphorus loading limits must not be exceeded;
PHOSPHORUS LOADING IN TONNES PER YEAR
  
After Scheduled Projection Maximum
1974 Reductions to 2020 Allowable
Lake Superior 4140 3940 4770 3900
Lake Huron (Main Lake) 3720 3020 4230 3600
Georgian Bay 928 928 1180 928
North Channel 1220 1220 1700 1220
In—place and planned point source phosphorus control programs are presently
adequate to protect the Upper Lakes, but Lake Superior, Georgian Bay, and the
North Channel are at or near their maximum allowable load limits. Phosphorus
inputs are projected to increase. Because of these projected increases,
reductions of future phosphorus loadings from municipal and industrial sources



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Thunder Bay: mercury, zinc
 Michigan — Munising: zinc, lead, copper
Upper Portage Entry: copper
Isle Royale area: mercury
LAKE HURON
Ontario — Serpent River: nickel
Spanish River: nickel
Collingwood: zinc, cadmium, lead
Penetang: zinc
Midland: zinc, lead, mercury





Ontario/Michigan — St. Marys River: iron, zinc









































































































































































































































































































































































































































































































































































































































































































































































































































A total ban on the manufacture, sale, transport, and use of PCB’s,
aldrin, dieldrin, and DDT and its derivatives.
That for lindane, chlorobenzene compounds, chlordane, octachlorosty-
rene, and other man—made organics such as halogenated hydrocarbons,
an accelerated program be initiated to evaluate effects on human
health and biota, to establish a better basis for criteria, and to
develop remedial programs as needed. Until the effects are fully
understood there should be no increased manufacture, use, or dis—
charge of these compounds.
Environmental and health effects be fully evaluated before new
organic compounds are produced, distributed, or used.
The Governments immediately implement programs to minimize pesticide
use, as recommended in the Early Action Program Report of March
1974, prepared by the Pollution from Land Use Activities Reference
Group.
TASTE AND ODOUR COMPOUNDS
The Reference Group recommends:
2]. Appropriate remedial measures be taken to eliminate the remaining
taste and odour problems at Thunder Bay, Marathon, Jackfish Bay, and
the mouth of the Spanish River, caused by pulp and paper mills.
22. Governments ensure that the waste treatment facilities for Algoma
Steel at Sault Ste. Marie, Ontario be completed as soon as possible
to achieve the Agreement objective for phenolic substances.
23. Governments ensure that appropriate measures be taken at Sault Ste.
Marie, Ontario to reduce the present phenolic discharges from the
sewage collection and treatment facilities so as to achieve the
Agreement objective for phenolic substances by December 1978.
ASBESTOS
To protect public health, the Reference Group recommends:
24. Reserve Mining Company immediately cease discharging tailings, which
contain asbestiform fibres, to Lake Superior.
25. The erosion and further asbestos loading from the tailings delta at
Silver Bay, Minnesota be minimized.
26. The Governments immediately establish a drinking water standard fbr
asbestos.




















of fibre size, shape, and concentration on the health of all bio—








































































































































known. The Reference Group recommends:
 
 30. The adequacy of‘present programs be assessed and, if needed, ad-
ditional abatement measures be implemented in the Elliot Lake area
to achieve compliance with the Ontario drinking water criteria.
3]. The jurisdictions initiate without delay the surveillance plan
prepared by the Radioactivity Subcommittee and incorporated into the
Great Lakes surveillance plan developed by the Surveillance Sub-
committee, in order to ascertain that changes in radioactivity occur
as predicted and that no localized increase in concentration occurs.
DREDGING
The Reference Group recommends:
32. The Governments act upon the recommendations of the International
Working Group on the Abatement and Control of Pollution from Dredging
Activities, leading to the development and adoption of compatible
regulations for dredging and dredge spoil disposal that fully
consider the short— and long—term effects.
VESSEL WASTES
Chloride from the discharge of seawater ballast accounts for 4% of the
total chloride load to Lake Superior. In addition, this discharge may result
in the introduction of undesirable salt and brackish water biota; based on
previous experience with lampreys and alewives, this could be a serious
problem. The discharge of personal wastes can cause public health problems.
The Reference Group recommends:
35. Existing and proposed vessel waste regulations be amended to pro—
hibit discharges of'personal wastes from all vessels into Lakes
Huron and Superior or into any of its harbours or embayments. Major
ports should be required to provide adequate pumpout facilities for
personal wastes.
34. All ocean vessels inbound to the Great Lakes be required to exchange
seawater ballast for acceptable freshwater ballast prior to entering
the Saint Lawrence Seaway.
35. Compatible regulations be developed and appropriate remedial pro—
grams be instituted to abate operational and functional waste
discharges. Particular attention should be given to ocean—going
vessels, selflloading/unloading vessels, and tankers.
SPILLS
Information about spills in the Upper Lakes is generally inadequate. The
Reference Group recommends:
36. The regulatory agencies conduct post-spill studies to determine the






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































referred to is taking place,
what remedial measures would,
in its
judgment, be most practicable
to restore and protect
the quality of
the waters, and what would be the probable cost?
4.
In the event that the Commission should find that little or no
pollution of the character referred to is taking place at the
present time, what preventive measures would in its judgment, be
most practicable to ensure that such pollution does not occur in the






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































water quality are closely related.
Main lake data collection
(Study Item II) and analysis
(Study Item VI)
and consideration of transboundary movement of pollutants
(Study Item III)
were assigned to Work Group B, which was composed of limnologists and fisheries
biologists.




(Study Item III) was assigned
to Work Group C, with representatives primarily from state and provincial
water management agencies.
Studies related to coastal and embayment pollution problems (Study Item
V) were assigned to Work Group D, consisting of provincial and state represen—
tatives for problems in their jurisdictional areas, and U.S. and Canadian
federal representatives for studies of nearshore/open water exchange mechanisms
and interactions.
A Committee for Data Quality was established to review laboratory practices
and capabilities, to evaluate precision and accuracy, and to implement a
quality assurance program. High quality data were essential because most



































































































































































































































































































































































































































































































































































































































































































































 BASIN IIIIMIABIHIISIIIIS, WM“! "SIS,
MN] [Mill IISIS
Water uses and the related water quality of Lake Huron and Lake Superior
and their basins are determined by natural conditions and how these have been
altered by man.
Natural conditions include natural stream flows, which supply
water to the lakes; the main water bodies of the lake; climate, which deter—
mines the amount and the form of precipitation; and geology, hydrogeology, and
physiography, which determine the types of soils, their ability to produce
food and fibre, their susceptibility to erosion, and the amount and quality of
ground water.
These natural conditions are altered by economic and land use
activities such as agriculture, industry, urbanization, and forestry. These
generate pollutant loads and create a demand for water such as for public and
industrial supplies, waterborne commerce, water—oriented recreation, and
fisheries.
Water quality management is concerned with the impact of present and
future economic and land use activities and with maintaining a water quality
that will support the water uses which are required as a consequence of these
activities.
Therefore, basin characteristics, water uses, land uses, and
projections of population and economic changes are summarized in this chapter;
details are given in Volumes II and III. The Reference Group's philosophy of
water quality management is given in Chapter 4. These, together with the
present and projected loadings to the Upper Lakes given in Chapter 5 and the
existing conditions described in Chapter 6, provide a framework for the con—
clusions reached in Chapter 7 and the recommendations presented in Chapter 1.
BASIN CHARACTERISTICS
The Lake Superior and Lake Huron Basins and the interconnecting waterway
were created by glacial forces twenty to fifty thousand years ago. The basins
are sparsely populated, with only 2,800,000 inhabitants in 1970; this is
projected to increase to 4,300,000 by 2020. The climate varies from near—
arctic in the north to temperate in the south, and water and land uses and
economic patterns vary accordingly.
LAKE SUPERIOR
The surface area, volume, elevation, mean and maximum depths, and drain—
age basin area of Lake Superior are summarized in Table 3—1. Lake Superior is
the largest of the Great Lakes in both surface area and volume. The only
outlet is the St. Marys River, which flows into Lake Huron. The basin total
population was 680,000 in 1970 and is projected to increase to 712,000 by






































































































































































 population is located around the western end of the lake. The 1970 population
for the cities of Duluth and Superior was 140,000; and for the standard metro—
politan statistical area about 266,000, which is about half the total for the
U.S. part of the basin. The 1971 population in the Thunder Bay area was
112,000, approximately three quarters of the Canadian total in the Lake
Superior Basin.
Major economic activities in the Lake Superior Basin relate to wood,
pulp, and paper production; mineral extraction (iron, copper, and nickel); and
recreation (hunting, fishing, and skiing).
The major waste sources in the
basin are municipalities; metal mining, concentrating, and refining; pulp and
paper mills; and forestry products. Other major sources of input are atmos—
pheric washout and fallout and soil erosion, especially in the red clay area
near the southwestern tip of the lake. Present and projected economic activity
is summarized in Figure 3—1.
LAKE HURON
The surface areas, volumes, elevations, mean and maximum depths, and
drainage basin areas of Lake Huron, Georgian Bay, and the North Channel are
summarized in Table 3—1. Lake Huron, including Georgian Bay and the North
Channel, has the second largest surface area and the third largest volume of
the Great Lakes. Lake Superior water is discharged into Lake Huron via the
St. Marys River with a drop in elevation of 7 m. Lake Michigan also dis—
charges into Lake Huron through the broad, deep Straits of Mackinac; Georgian
Bay also contributes a significant discharge. Georgian Bay, Lake Huron, and
Lake Michigan have the same mean elevation and hydrologically are considered
one lake. The largest tributary is the Saginaw River. The only outlet is the
St. Clair/ Detroit River system, which flows into Lake Erie.
The total population in 1970 was 2,200,000, about 40% rural and 60%
urban; this is projected to increase about 64% to 3,600,000 by 2020. The
present population is about 43% Canadian; the projected population will be
about evenly divided between the two countries. The northern portion of the
U.S. Lake Huron Basin is predominantly rural. The southern portion is more
urbanized; the Flint, Bay City, and Saginaw metropolitan areas contain more
than two thirds of the population in the U.S. part of the basin. In the
northern part of the Canadian Lake Huron Basin isolated communities along road
and rail routes dot the largely undeveloped hinterland. The Sudbury area,
near the north shore of Georgian Bay, had a 1971 population of 155,000, about
one sixth the total for the Canadian part of the basin. The area south of
Georgian Bay was first settled to exploit the forests and later became agri—
cultural; it does not contain any large urban centres.
The major economic activities of the Lake Huron Basin relate to agri-
culture, mineral extraction and refining, and the production of consumer and
durable goods. Recreation is also economically important. Since World War
II, the eastern Georgian Bay area has rapidly evolved as the "cottage country"
of Ontario. Here the transient summer population often exceeds permanent re—
sidents in many areas such as Parry Sound, Muskoka, and Haliburton. The major
17
  


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































This projected volume is about equal to the combined total of
all other municipal water withdrawals in the Upper Lakes Basin.
Municipal wastewater is discharged to both the Upper Lakes and their
basins.
Sewage facilities are tabulated in Tables 3—4 and 3—5 for Lake Superior
and Lake Huron, respectively.
In the Lake Superior Basin,
these sewered




















        
   
       
 
LAKE PROJECTED ECONOMIC STRUCTURE OF THE CANADIAN








\_ M WW MISSISSAGI ,2. x\ 5
\. “ A BASIN IRECION 4I( 1% r ( a 800»;
f I AI 9m o
/ >/ W ( g 700+
'\
’ L) I
__/ K 5) O 600 1
/ SAIII " A) W O
STE thRIL 1" J4 g Q 500
. 7 V" O N
{A T ‘3 \ .IILIOI J ’45 400
I IAVE 4 NO DATA
i > X “J 300
1; II1E5)5,AL«\)N ‘ SEWENT I




i”"7' ' ' Y "" ' >




I972 REAL DOMESTIC PRODUCT, ALL SECTORS S LIO’Q MILLION
(1961 CANADIAN DOLLARSI
  
    
    
  
      
   
   
     







II LAKE HURON NORTH QR, \ \







51‘! I ‘.\ i/
’\ IIOLLINOW'SOD






PROJECTED ECONOMIC STRUCTURE OF THE UNITED STATES -J T AND fw/ I > J




fw‘aWN/wk » ~:: TRANSPORT UTILITIES











L ; 400 MINING
f
300





0 I I I I I I I *1
1950 1962 1971 80 85 90 2000 2020
YEARS
BASE YEAR LEVEL
1971 EARNINGS ALL SECTORS $3.583 MILLION




















[E] Commercral Deep Draft Harbors
[E Recreational Harbors
8
Commercial Deep Draft and
Recreational Harbors


















































































































































































































































































































































































































































\ 0 PUbIlC Beaches
'
n Commercral Deep Draft Harbors
\ [E RecreatronaI Harbors
. a Commer





















































































































































































































































BRET F——{ H I———-I P—T J
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'1980 35 105 52 107
.1995 45 134 67 136
2000 48 142 71 144
2020 65 193 97 196
  

















































































FIGURE 3-8 GREAT LAKES SHIPPING TONNAGE
 
 TABLE 3—2





LOCATION SERVED PER DAY) TREATMENT
UNITED STATES
Minnesota
Beaver Bay 360 114 Filtration, Fluoridation, Disinfection
Dulutha 114,000 56,775 Fluoridation, Disinfection
Grand Marais 1,300 568 Filtration, Fluoridation, Disinfection
Silver Bayb 3,500 2,650 Filtration, Fluoridation, Disinfection
Two Harborsb 4,400 3,066 Fluoridation, Disinfection
CloquetC 8,600 3,596 Fluoridation, Disinfection
Wisconsin
Ashland 9,600 4,504 Filtration, Fluoridation, Disinfection
Washburnd 2,000 795 Fluoridation, Disinfection
Michigan
Baraga 1,100 643 Purificatione, Fluoridation
Copper Harborf 500 189g Disinfection
Eagle Harborf 300 76 Disinfection
L'Anse 2,600 2,082 Disinfection
Marquette 22,000 11,355 Disinfection, Fluoridation
Munising 3,800 1,968 Disinfection Fluoridation















Total UNITED STATES 177,760 91,446
CANADA
Ontario
Thunder Bayh 102, 500 69, 600 Disinfection
Red Rock 1,700 1,200 Purification, Fluoridation
Terrace Bay 1,900 1,300g Disinfection
Total CANADA 106,100 72,100
    
a. Duluth has a $7.9 million filtration plant under construction.
Plans are being develOped for filtration facilities.
c. Cloquet presently uses over 95% well water; Lake Superior supply is
used only during peak periods (W10—1SZ of summer consumption); filtration
facilities are being considered.
Lake Superior supply usedas standby.
Purification includes disinfection, coagulation, sedimentation, filtration.
Seasonal supply, closed in winter.
Estimated.









LAKE HURON PUBLIC WATER SUPPLY SUMMARY




LOCATION SERVED PER DAY) TREATMENT
UNITED STATES
Michigan
Alabaster 40 38 Disinfection
Alpena 13,800 5,678 Purification , Fluoridation
Bay City 49,000 47,313 Purification, Fluoridation, Softening,
Taste and Odour
De Tour 600 151 Purification, Fluoridation, Taste
and Odour
Detroitb (4,000,000) (1,510,000) Purification, Fluoridation, Taste
and Odour
East Tawas 2,400 946 Purification, Fluoridation
Harbor Beach 2,100 4,466 Purification, Fluoridation
Mackinac Island 700 1,892 Disinfection
Pinconning 1,400 946 Purification, Fluoridation, Taste
and Odour
Pointe Aux Barques 300 114e Filtration, Disinfection
Port Austin 900 379 Purification, Taste and Odour
Port Hope 340 151 Purification
Port Huron 41,800 44,284 Purification
Saginaw—Midland
Water Authority 1,500 568e Disinfection
Midland 35,000 32,551 Purification, Fluoridation, Taste
and Odour, Softening
Saginaw 92,000 101,816 Purification, Taste and Odour, Softening
Saint Ignace d 3,000 2,271 Disinfection
Sault Ste. Marie 15,000 10,409 Disinfection, Fluoridation
Total UNITED STATES 259,880 253,973
CANADA
Ontario d
Sault Ste. Marie 72,000 36,400 Disinfection, Taste and Odour
Thessalon 2,000 500 Disinfection
Gore Bay 800 500 Disinfection
Little Current 1,400 1,300 Disinfection
Parry Sound 6,200 3,200 Disinfection, Fluoridation
Waubaushene 300 200 Disinfection
Victoria Harbour 1,200 300 Disinfection
Port McNicoll 1,300 900 Disinfection
Wasaga Beach (System under Construction)
Collingwood 10,400 5,900 Disinfection
Meaford 4,400 4,600 Purification
Owen Sound 19,000 15,000 Fluoridation, Purificationa
Wiarton 2,300 3,700 Disinfection
Lion's Head 300 100 Disinfection
Southampton 5,100 1,600 Disinfection Filtration
Port Elgin 4,500 2,700 Purification
Kincardine 5,000 2,300 Purificationa
Goderich 6,700 5,000 Fluoridation, Purificationa
Bruce Mines 300 100 Disinfection Fluoridation
Petrolia/Brights Grove 10,000 3,600 Purification , Fluoridation
Lambton County/Sarnia 65,000 25,000 Purificationa
Lake Huron Water
Supply System
(London) 232,200 109,300 Disinfection, Fluoridation
Total CANADA 450,000 232,200
Purification includes disinfection, coagulation, sedimentation, and filtration.
Withdrawal of Lake Huron water is scheduled to commence summer 1976.
population figure is the total served by the Detroit system.
The
Total water








Supply from St. Clair River, just below entry from Lake Huron.
 
 TABLE 3-4
PRESENT SEWAGE TREATMENT FACILITIES IN THE LAKE SUPERIOR BASIN
 
TYPE OF SEWAGE SYSTEM
POPULATION
FACILITY SERVED TREATMENT COLLECTION
UNITED STATES
Duluth #4 116,400 Primary Combined





Houghton — Hancock 10,900 Secondary Mixed
Hibbing Village 16,100 Secondary Separate
Virginia City 12,500 Secondary Separate
CANADA
Thunder Bay 75,000 Primary Mixed
OTHERS
18 facilities 86,500 a b
TOTAL 373,400
     
a. By population served: 38,200 (10.2%) primary, 27,600 (7.3%) secondary,
18,200 (4.8%) intermediate, and 2,500 (0.7%) lagooned.
b. By population served: 28,200 (7.5%) combined, 30,500 (8.1%) separate,



















































































































































































































































































































































































Present industrial uses of Upper Lakes water are summarized by industrial
category in Table 3—6. Industrial water use is projected to increase signi—
ficantly but a number of factors, including technological improvements in
processes and the application of closed systems could decrease water use
considerably.
LAND USES
The uses of land in the Upper Lakes Basin determine the diffuse or non—
point loadings to the lakes. Constituents are carried to surface waters by
land drainage and enter the Upper Lakes either directly or via tributaries.
Figures 3-9 and 3—10 Show land uses in the Lake Superior and the Lake Huron
Basins, respectively. More than 90% of the Lake Superior Basin watershed is
covered by forests. In the Lake Huron Basin forested land ranges from 90% of
the total in the north to about 25% in the south; crop and pastureland account
for about two thirds of the total land use in the south. The quality of
runoff water from forested lands is usually higher than that from agricultural
lands. The quality of water from land drainage in the Upper Lakes Basin would






























WATER USE, IN CUBIC METRES PER DAY
INDUSTRIAL CATEGORY
LAKE SUPERIOR LAKE HURON
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The Great Lakes are often assumed to have an unlimited assimilative
capacity, but that myth is disproven by the deteriorated condition of Lake
Erie and particularly by the threat of those substances which are resistant to
natural breakdown or which are biomagnified. Resistance to breakdown and
biomagnification are perfectly exemplified by mercury, DDT, and more recently
PCB's.
Water quality management can be divided into two distinct programs. One
program is followed when water quality has to be upgraded to meet water quality
objectives, and the other when water quality is better than the objectives.
Water quality criteria, standards, objectives, and guidelines have been
developed by governments to provide a framework within which water quality can
be managed; these are summarized in Appendix C, with details and definitions
given in Volumes II and III. These criteria, standards, objectives, and
guidelines reflect institutional and legislative structures and societal
values, which are critical determinants for the effectiveness of water quality
management programs.
APPROACH TO DEGRADED WATERS
To define and implement remedial programs to upgrade water quality, water
quality conditions and concentrations of contaminants in sediments, fish, and
aquatic life are compared to these criteria, objectives, and standards. This
management process is well understood, commonly used, and exemplified by the
phosphorus removal program in the Lower Lakes. Chapters 5, 6, and 7 respond
to Reference Questions 1, 2, and 3 and identify the problem areas where waters
do not meet Agreement and/or agency water quality objectives, criteria, or
standards.
The criteria used by the Reference Group in responding to Reference
Question 1 require clarification. The Water Quality Agreement does not
provide specific water quality objectives for all parameters of concern to the
Reference Group. Therefore, Lake Huron and Lake Superior were evaluated using
Agreement water quality objectives or, in their absence, the most stringent
criteria that have been promulgated for each parameter by federal, provincial,
or state authorities.
 



















centration considered acceptable, desirable, or permissible in raw waters
ranges from 25 to 250 mg/2. Therefore, the Water Quality Objectives Sub—
committee of the Water Quality Board of the IJC should review all the criteria,
standards, or objectives presently used and, where necessary, refine the
present objectives and develop new specific objectives for the Water Quality
Agreement. Where less stringent agency criteria are in force, criteria at




















those areas where water quality is better than that prescribed by specific or
any general water quality objectives. This Reference Question potentially
represents a series of water quality management options ranging from a strict


















The deliberations of the Reference Group when considering Reference
Question 4 brought to light the following.
The nearshore and offshore waters of the Great Lakes are distinctly dif-
ferent, particularly in areas receiving materials inputs from municipal,















































































































Taking these points into consideration, several management options are













































































level which would protect the most stringent water use. The water quality































































































existing in the Upper Lakes. Water quality better than that required to
protect the most stringent water use would be maintained.
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 After considering these options the Reference Group, in response to
Reference Question 4, adopted the latter option: nondegradation for all
waters which at present are of a quality better than the Agreement objectives.
This position was taken for the following reasons.
As stated above, understanding of the effects on nearshore water quality
as future waste inputs increase is incomplete.
Also, the nearshore-offshore
exchange processes require considerably more research before relationships of
how changes in water quality in the nearshore waters affect the main lake will
be fully understood.
The implications of changes in water quality of Lake Superior and Lake
Huron and further downstream can not be readily assessed. The diluting capa—
city of a lake is reduced as water quality deteriorates. While water quality
models are available to approximate the capacity of the Great Lakes to assi~
milate phosphorus, this capacity depends largely on the existing or sought
water quality. Similar models are not available for other parameters such as
organics, solids, and bacteria. Administrative mechanisms for apportioning or
sharing loadings or capacities of lakes are non—existent and complicated by
the large number of jurisdictions involved. Furthermore, water quality
criteria are in general minimum requirements for their designated uses and do
not necessarily provide complete protection of water uses. For example,
existing criteria for some pesticides and metals provide protection for aquatic
life based on lethal toxicity but do not guarantee protection against chronic
effects.
The experience on the Lower Lakes has demonstrated serious water quality
degradation with excessive waste inputs. Purposeful or intentional water
quality changes should only be permitted when the assimilative capacity is
known or when more conclusive relationships of materials inputs with water
quality are developed and confirmed. It could be argued that adoption of
nondegradation shys away from the responsibility of management of the lakes.
The Reference Group rejects this argument. The realism of the situation is
that some degradation is inevitable so long as development occurs and treatment
technology is limiting. However, to continue in the spirit of the Water
Quality Agreement, the Reference Group believes that every practicable and
reasonable effort should be made by each country to preserve the present high
quality of the Upper Lakes for future generations. This means use of best
known treatmenl for removal of pollutants from municipal and industrial disw
charges. In this context best known treatment means the treatment which
conforms with the highest standard currently applied to the discharge type.
Best known treatment does not mean only that which is required to meet use
criteria in the receiving waters.
NONDEGRADATION CRITERIA-
Having made the decision to preserve the existing high water quality, the
Reference Group then defined nondegradation criteria. These are developed
from the extensive sets of water quality data collected during the Reference
Group's study.
  
The data sets which characterize the condition of the lakes during the
field phase of the study are described in Chapters 4 and 5 of Volumes II and
III and are summarized in Chapter 5 of this volume. Trend information suggests
that for most water constituents changes have been very small. Surveillance
program design should have as a part of its objective the refinement of this
baseline information.
In developing nondegradation criteria, two key factors are reemphasized.
The first is that the lakes are not necessarily in equilibrium with present
loadings. Even if no increase in loading were permitted, the lakes would
continue to change until reaching some sort of steady state. Secondly, the
Upper Lakes provide high quality water to Lakes Erie and Ontario. Hence, when
a water quality criterion is specified for one of the Upper Lakes, its complete
impact through the system must be considered.
The open waters of the Upper Lakes consist of identifiably different.
water masses, each with its distinct water quality characteristics. There-
fore, in order to more satisfactorily describe the baseline water quality of
different areas of the Upper Lakes, the Reference Group segmented the open
waters as shown in Figures 4-1 and 4—2. The basis for segmentation is dis—
cussed in the Chemical Limnology section of Chapter 6. The data collected
were assessed and an "average" water quality established for each segment.
The numbers thus generated are a basis upon which change in water quality can
be measured. Two examples of sets of these baseline conditions are presented
in Table 4-1.
In addition, there are seasonal and areal fluctuations in the water
quality related to biological activity, currents, thermal changes, and other
factors. The natural variability within segments is demonstrated in Tables 6—
9, 6—11, and 6-14. Thus, not only is it impossible to establish a single set
of baseline criteria for an entire lake, it is scientifically inadvisable to
assign a single concentration to each parameter as a nondegradation criterion
within a given segment. Details about all the segments are contained in
Volumes II and III and in project reports.
When changes in concentration are small, or when the data reported are
near or below analytical detection limits, it may be difficult to use these
data to assess water quality. A more effective way to assess future changes
in water quality of the Upper Lakes is to develop a frequency distribution or
histogram for each parameter and to look for shifts in the distribution.
Figures 4—3 and 4-4 show the frequency distribution of the open water concen-
tration of ten metallic elements in Lake Superior. A significant change in
the metals loading to the Upper Lakes would be indicated by a shift in the
distribution shown even though the maximum concentrations measured might not
increase.
The examples of baseline values presented in Table 4—1 represent only
open lake water quality data. Data for the nearshore waters could be presented
in a similar fashion; however, there are numerous complicating factors. The
intensity of chemical monitoring by state, provincial, and federal agencies
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Nitrate 0.285 t 0.020 0.270 t 0.020
Ammonia 0.005 t O 0015 0.008 t 0.003
Reactive Silicate, as SiOz 2.40 t 0.05 1.60 t 0.05





"Total Dissolved Solids" 63 t 5 130 i 15
Bacteriological
Fecal Coliform (colonies/100 m2) 1 t l l t 1
Total Coliform (colonies/100 m1) S10 S10
Fecal Streptococci (colonies/100 m2) 0 0
a. Open lake segment 13. Based on 1973 data.
b. Open lake segment 6. Based on 1974 data.
c. Subject to verification.
d. Isolated areas of hypolimnion have values as low as 94%.






























































   
  
OPEN WATER SEGMENTATION FOR LAKE HURON; THE NORTH CHANNEL; AND GEORGIAN BAY
The open waters do not include nearshore areas, harbours, and embayments. Open waters are
generally defined as those waters more than about 3 km offshore or with a depth greater than
about 15 m.
Therefore, the open water segments do not extend to the shoreline;the
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FmUREmd FREQUENCY DISTRIBUTION OF CADMIUM; CHROMIUM;
COBALT, COPPER, NICKEL; AND ZINC IN THE
OPEN WATERS OF LAKE SUPERIOR.
The caret denotes the analytical detection limit.
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 natural and anthropogenic inputs. For example, the average total phosphorus
concentration in Lake Superior nearshore waters varies by a factor of six
(Figure 6—16). Despite these complicating factors, the Reference Group con—
cludes that present high quality nearshore waters should not be degraded any
further. To ensure this, additional efforts should be made by all agencies




This chapter summarizes present inputs to the Upper Lakes by source
category, describes a materials balance for selected parameters, and presents
projections of future loads. These form an inputs baseline, show source
significance, and provide a basis for discussion in Chapters 1, 6, and 7.
Details are in Chapters 3 of Volumes II and III and in project reports.
LOADINGS
Nine source categories of materials inputs to the Upper Lakes were
considered: direct municipal and direct industrial wastewater discharges,
tributaries, atmospheric deposition, interlake transport, shoreline erosion,
dredging activities, vessel waste discharges, and spills. Loadings of up
to 39 water quality parameters were determined for direct municipal, direct
industrial, and tributary inputs, 14 for atmospheric inputs, and selected
parameters for the remaining source categories. Tables 5—1 through 5-5
summarize loadings from the first four source categories by parameter for
Lake Superior, Lake Huron including Georgian Bay and the North Channel, the
main body of Lake Huron, Georgian Bay, and the North Channel, respectively.
The tributary loading values include all upstream sources, including municipal,
industrial, and land drainage. With the exception of interlake transport,
the other source categories are generally only minor contributors to the
total load and are referred to below only when significant.
MATERIALS BALANCE
A materials balance is a tabulation by source category of the inputs to
and the outputs from a lake for a given parameter. The difference is either
the net accumulation or loss of that parameter in the lake. When considered
in conjunction with the physical, chemical, and biological processes occurring
in the lake, a materials balance can help determine the fate of the discharged
material and estimate steady—state concentrations at present or projected
input rates. By knowing which source categories are or which could affect
the Whole lake system, those areas where remedial or preventive measures are
required can be more clearly defined.
Five parameters were selected for a materials balance for each lake:
total phosphorus, total nitrogen, reactive silicate, "total dissolved solids",
and chloride. Phosphorus was selected because available forms of this para-
meter are often the limiting nutrient for algae; in addition, the phosphorus
load is related to the human population and cultural activities in the
basin and is relatively easy to control. Nitrogen is also a nutrient and
         
TABLE 5-1
DIRECT MUNICIPAL, DIRECT INDUSTRIAL, TRIBUTARY, AND
ATMOSPHERIC LOADINGS T0 LAKE SUPERIOR — JULY 1973—JUNE 1975 U
MEAN LOADING, kg/d
DIRECT DIRECT
PARAMETER MUNICIPAL 4 INDUSTRIAL TRIBUTARY ATMOSPHERH
Alkalinity as CaCO3 4,880 33,600 3,020,000 a __
Arsenic 0.045 a 1,290 a
Barium 0.421 a 7,050 a
BOD (5 Day @ 20°C) 4,250 196,000 340,000 a
Cadmium 0.066 9.00 962 151
Calcium 2,270 40,600 3,270,000 90,400
Carbon, Total Organic a 192,000 2,490,000 a
Chemical Oxygen Demand 4,840 549,000 6,280,000 a
Chloride 3,290 85,900 581,000 151,000
Chromium 0.637 1.52 2,170 a
Copper 3.76 28.1 2,780 1,010
Cyanide 4.31 0.500 1,280 a
Fluoride 25.6 7.95 22,600 a
Iron 203 655 179,000 26,600



































































































































DIRECT MUNICIPAL, DIRECT INDUSTRIAL, TRIBUTARY, AND ATMOSPHERIC
LOADINGS TO LAKE HURON INCLUDING GEORGIAN BAY AND THE NORTH CHANNEL
JULY 1973 - JUNE 1975




PARAMETER MUNI CIPAL INDUSTRIAL TRIBUTARY ATMOSPHERI C
Alkalinity (CaCO3) 25,000 71,900 5,840,000 a
Arsenic 0.232 9.24 1,330 a
51 Barium <0.001 101 7,440 a
)0 BOD (5 Day @ 20°C) 7,270 24,900 416,000 a
Cadmium 2.23 2.04 2,180 216
Calcium 6,910 16,900 4,280,000 767,000
)0 Carbon, Total Organic a 19,700 1,790,000 a
Chemical Oxygen Demand 6,710 123,000 3,430,000 a
L0 Chloride 20,900 50,800 1,990,000 134,000
Chromium 10.9 2.25 1,620 a
Copper 19.9 18.7 3,720 2,080
m Cyanide 0.215 2,250 546 a
m Fluoride 79.1 165 18,000 a
m Iron 375 6,510 90,300 12,600
Lead 9.12 14.0 3,300 2,140
Magnesium 1,830 1,780 1,250,000 22,500
m Manganese 30.6 294 4,990 a
m Mercury 0.020 0.315 12.1 a
Nickel 19.8 10.2 4,050 575
Nitrogen, Total as N 2,860 19,400 159,000 142,000
Nitrogen, Organic as N 1,190 4,790 69,500 a
Nitrogen, Ammonia as N 1,250 14,300 10,800 a
Nitrogen, N03 + N02 as N 396 377 79,500 a








Phenols 4.84 477 655 a
Phosphorus, Total as P 521 221 12.100 1,700





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 DIRECT MUNICIPAL, TRIBUTARY, AND ATMOSPHERIC
TABLE 5—4
LOADINGS TO GEORGIAN BAY — JULY 1973—JUNE 1975
MEAN LOADING , kg /d
      
DIRECT
PARAMETER MUNICIPAL TRIBUTARY ATMOSPHERIC
Arsenic a 672 a
Barium a 2,330 a
BOD (5 Day @ 20°C) 3,180 61,200 a
Cadmium 0.630 1,160 44
Calcium 3,050 934,000 21,600
Carbon, Total Organic a 455,000 a
Chemical Oxygen Demand a 1,210,000 a
Chloride 5,100 233,000 34,600
Chromium 3.40 903 a
Copper 8.70 1,630 910
Cyanide a 279 a
Fluoride a 4,470 a
Iron 43.6 12,800 5,200
Lead 3.76 1,530 693
Magnesium 798 231,000 3,250
Manganese 4.10 1,820 a
Mercury 0.009 4.35 a
Nickel 5.17 2,170 282
Nitrogen, Total as N 860 29,900 38,900
Nitrogen, Organic as N 410 19,100 a
Nitrogen, Ammonia as N 370 1,730 a
Nitrogen, N03 + N02 as N 76.0 9,120 a
Oil - Grease a 43,600 a
Pesticides a 0.071 a
Phenols 1.42 174 a
Phosphorus, Total as P 164 2,010 367
Phosphorus, Reactive as P 91 1,220 a
Polychlorinated Biphenyl 0.018 0.067 a
Potassium 360 65,800 4,330
Selenium a 77.4 a
Silicate, Reactive as SiOg 449 157,000 3,680
Sodium 4,310 166,000 6,490
Solids, Total 30,580 5,670,000 a
Solids, Filtered
and Conductimetric 27,770 5,120,000 82,300
Solids, Particulate 2,810 547,000 a
Sulfate as SO, 3,110 728,000 a









































































































    
 
















































































































































































































































































































































































































































































































































































































































































































is the factor which limits growth in some areas of the Upper Lakes. Reactive
silicate is the limiting nutrient for diatoms. "Total dissolved solids" is
a measure of the dissolved material in the water. Chloride is a non—
reactive, non—accumulating material; its input is often a direct consequence
of human activities in the basin.
Inputs and outputs for Lake Superior, Lake Huron including Georgian Bay
and the North Channel, the main body of Lake Huron, Georgian Bay, and the
North Channel are summarized in Tables 5—6 through 5—10, respectively. In
general, direct municipal and direct industrial loadings are small compared
with tributary, interlake transport, and atmospheric inputs and, along with
the other source categories, are relatively unimportant on a whole—lake basis.
However, any source category may have a significant impact on the water
quality for specific local areas.
The tributary loading values contain upstream municipal and industrial
inputs. If one assumes that all the phosphorus from these upstream sources
reaches the lake, then all municipal and industrial sources in the entire
Lake Huron Basin contribute 23% of the total phosphorus load; for the main
body of Lake Huron, all municipal and industrial sources contribute about 29%
of the input; for Georgian Bay, about 10%; and for lake Superior, about 13%.
The Saginaw River is the most significant tributary input to Lake Huron.
Considering all source categories, the Saginaw River contributes 35% of the
total phosphorus, 15% of the total nitrogen, 10% of the reactive silicate,
9% of the "total dissolved solids", and 26% of the chloride entering the
main body of Lake Huron.
In North America atmospheric loadings can be correlated with the general
level of industrial activity and energy consumption (electricity and auto-
mobiles). Increased economic activity will increase atmospheric loadings
unless compensated by more stringent source emission controls on a national
scale.
The output of total phosphorus and of total nitrogen from each body of
water is less than the input. This indicates a net accumulation of these
materials, most likely in the sediments. For nitrogen, exchange with the
atmosphere may also be significant. The balances for reactive silicate
indicate a net accumulation for each water body; tributary inputs depend on
flow rates, and concentrations appear to be independent of human activity.
For Lake Superior the input of "total dissolved solids" exceeds the output,
which indicates accumulation; for the main body of Lake Huron and for Georgian


















































































































































































































































































































































































































SUMMARY OF INPUTS AND OUTPUTS OF MATERIALS BALANCE PARAMETERS
FOR LAKE HURON, INCLUDING GEORGIAN BAY AND THE NORTH CHANNEL
 
INPUTS, IN TONNES PER YEAR


























































     
INPUTS, AS PERCENT OF TOTAL




















































































Outputs calculated using open lake concentrations of southern Lake Huron.
Concentrations measured at the head of the
St. Clair River include a nearshore component; loadings thus derived are not suitable for a materials balance.
Loadings for the latter case are:
Total Phosphorus = 2,450 t/a; Total Nitrogen = 91,400 t/a; Reactive Silicate = 157,000 t/a;






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































INPUTS, IN TONNES PEF YEAR
 





TRIBUTARY ATMOSPHERIC TOTAL LAKE HURON NORTH CHANNEL TOTAL
Total Phosphorus, as P
Total Nitrogen, as N
Reactive Silicate, as SiOz
"Total Dissolved Solids"
Chloride, as Cl
Total Phosphorus, as P






60 734 134 928






















































































































































































































































































































































































































































in production and treatment technology, and changes in public and legislative
attitudes towards environmental concerns.
Present and future net waste production were calculated from the model
for eleven basin regions and thirty nutrients and contaminants, based on unit
loads per capita and per dollar of economic output. Net waste production is
defined as the after—treatment discharge from a facility. Net land runoff to
the lakes was estimated as the difference between the calculated sum of
present regional net waste production and the sum of present measured direct
municipal, direct industrial, and tributary loadings of that region to the
lake. Net land runoff was assumed constant into the future. This calibration
procedure is illustrated graphically in Figure 5-1.
Three scenarios were developed. The "base scenario” or projection uti—
lized in this report is based upon a continuation of the existing level of
treatment technology and a continued level of funding at a fixed (the present)
percentage of the Gross Basin Product (analogous to the Gross National Product).
A "synergistic scenario" was developed to incorporate the synergistic
effects on net waste production of increased public and commercial attention
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BIIMIAIHHIISIIES I" [All llllllllI
Ml] HIKE SIIPHIIIIH
The general limnological characteristics of the Upper Lakes are sum—
marized in this chapter. The data base includes the results of studies and
extensive surveys carried out by the Reference Group on Lakes Superior and
Huron, in both the main lake and the nearshore waters, as well as historical
data. Chapters 4 and 5 of Volumes II and III contain the more detailed infor-
mation which is highlighted in this chapter.
The significance of the characteristics of Lakes Huron and Superior is
discussed in Chapter 7 where these characteristics are related to the issues
or problems.
PHYSICAL PROPERTIES
An understanding of the physical properties of the Upper Lakes is essen-
tial to determining the movement, residence time, rate of dispersion, and fate
of materials discharged to the lakes, and therefore the impact of these mater—
ials on water quality. This section describes the water budget, thermal























































































































































































































































































































































































































































































































































WATER BUDGET FOR LAKE HURON INCLUDING
GEORGIAN BAY AND NORTH CHANNELa
 
INPUTS VOLUME (1010 m3/a) PERCENT
St. Marys River 6.7 33.
Straits of Mackinac 4.4 21.
Direct Precipitation to Lake 4.8 23.
Land Drainage 4.3
TOTAL INPUTS 20.2 100.
OUTPUTS
Evaporation from Lake Surface 4.3 21.
St. Clair River 15.9
TOTAL OUTPUTS 20.2 100.










WATER BUDGET FOR THE NORTH CHANNEL FOR 1974
INPUTS VOLUME (101° m3/a) PERCENT
Land Drainage 1.83 38
Direct Precipitation to Channel 0.30 6.
Georgian Bay 0.32 6.
St. Marys River 2.30 48
TOTAL INPUTS 4.75a 100.
OUTPUTS
Evaporation from Lake Surface 0.38 8.
Lake Huron via False Detour
Channel and Mississagi Strait 4.39
TOTAL OUTPUTS 4.77a 100.










WATER BUDGET FOR GEORGIAN BAY FOR 1974
INPUTS VOLUME (1010 m3/a) PERCENT OF TOTAL
Land Drainage 2.11 60.1
Direct Precipitation to Bay 1.40 39.9
TOTAL INPUTS 3.51":1 100.0
OUTPUTS
Evaporation from Lake Surface 1.50 40.8
North Channel 0.32 8.7
Lake Huron 1.86 50.5
TOTAL OUTPUTS 3.6881 100.0
a. The difference is reflected in a change of lake level.
TABLE 6-4
3
WATER BUDGET FOR LAKE SUPERIOR
INPUTS VOLUME (1010 m3/a) PERCENT OF TOTAL
Land Drainage 4.9 45.8
Direct Precipitation to Lake 5.8 54.2
TOTAL INPUTS 10.7 100.0
OUTPUTS
Evaporation from Lake Surface 4.0 37.4
St. Marys River 6.7 62.6
TOTAL OUTPUTS 10.7 100.0






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































RESIDENCE AND FLUSHING TIMES




























































































T I T T I I T
T I T T
J F M A M J J A S O N D
FIGURE 6-2 ANNUAL TEMPERATURE CYCLE OF LAKE SUPERIOR
66
Huron and Lake Superior, respectively. The mean temperature lags the annual
cyclical variation of both air and surface water temperature. This lag in
heat Stu uge, coupled with the large quantities of stored heat and the buf-
fering of winter temperature variations by the formation and thawing of ice,
moderates the cyclical air temperature variations over the surrounding land
masses.
These effects manifest themselves in moderation of air temperature,
augmentation or suppression of precipitation, fog formation, and wind.strength.
Water temperature is usually warmer than the air temperature in fall and
winter. _The resulting instability of the cold air increases eddy exchange
rates and heat and moisture transfer. Wind speeds are accelerated, leading
to storms and increased precipitation. Cooling of warm moist air over the
colder lake surface in the spring enhances fog formation but tends to reduce
storm activity and precipitation.
Heat transfer within the lake affects current speeds and therefore the
rate of dispersion of materials entering the lake. Epilimnion current speeds
increase in the spring and summer as the water temperature increases and are
maximum When the surface water temperature is maximum. Hypolimnion current
speeds generally remain constant because heat and momentum transport are
inhibited by the thermocline. In the fall current speeds decrease in the
upper layers and increase in the hypolimnion.
THERMAL‘BAR
Thermoclines are usually absent in nearshore or shallower areas. How—
ever, in the spring the nearshore water warms more rapidly and reaches higher
temperatures than the offshore water. Mixing of nearshore and offshore water
is temporarily restricted until the nearshore waters warm to a density less







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































circulation of Saginaw Bay is shown in Figure 6—5.
68
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SUMMER CIRCULATION IN THE EPILIMNION
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the bedrock fabric of the lakes is veneered with glacial
tills representing the rock debris dropped during ice ablation.
Glacio-
lacustrine clays are compact, firm, generally silty, occasionally varved, and
contain ice—rafted erratics.
These clays crop out around the periphery of
the lakes, overlying the till deposits, and in some offshore regions.
Muds
are loosely defined as soft silty clays that represent post—ice—age fine—
grained sediment accumulation.
The muds in Lake Huron and Georgian Bay are
softer, more fluid, and have a higher organic content than those in Lake
Superior due to the higher productivity of the first two water bodies.
DEPOSITIONAL BASINS AND NON—DEPOSITIONAL ZONES
The open lake bottom is divided into depositional basins, where the
quiescent waters allow solids to settle, accumulate, and remain relatively
undisturbed by currents or storms; and non—depositional zones, where sediments
are temporarily deposited only to be scoured and resuspended by currents and
storms. An obvious difference between the two is that the depositional
basins have a much finer sediment texture because of the higher clay content.
Figures 6—9, 6—11, and 6—13 show the depositional basins and non—depositional
zones for Lake Superior, Lake Huron, and Georgian Bay, respectively.
CHEMICAL COMPOSITION
The Chemical composition of the sediment in a zone is often indicative
of the water quality of that zone. Table 6—6 lists the mean levels of the
major elements in the depositional basins and the non—depositional zones of
Lake Superior, Lake Huron, and Georgian Bay and Table 6—7 is a comparison of
























similar or higher level of all measured compounds than in the non—depositional
zones, except for SiOz. SiOz is mainly present as detrital quartz, Chlefly
75
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Lion's Trough, Midland, Parry Sound, and Owen Sound sediments have generally
low, occasionally negative Eh values.
The concentrations of trace metals in the sediments of the Upper Lakes
are higher in the depositional basins than in the non—depositional zones,
except for cobalt and cadmium in Lake Huron.
This implies that the metals
are usually associated with the finer sediments. Table 6—8 compares the
concentration of metals in Lake Superior, Lake Huron, and Georgian Bay.
Lead, cobalt, cadmium, and strontium are similar in all three. Mercury is
higher in Lake Huron and Georgian Bay due to the more intensive industrial
activities. Lake Superior sediments have a higher content of copper, zinc,
nickel, chromium, and vanadium. Generally, the differences are natural but
may be to some extent'related to mining activities.
Several open water areas show metal enrichment related to anthropogenic
sources. Sediments in the Saginaw depositional basin are enriched in mercury,
lead, copper, nickel, and cadmium reflecting the point source discharges in
Saginaw Bay. In Lake Superior there are high levels of mercury in the sedi—


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ug/kg), Spanish River mouth (68 ug/kg), and in Georgian Bay (6 samples ave—
raged 40 pg/kg).
Sediments from the Spanish River mouth also contained small
amounts of DDT and its metabolites (5 pg/kg).
DDT concentrations were gener—
ally low throughout Lake Huron, with the highest concentrations found off
Presque Isle (16.3 Ug/kg) and Alpena (30.7 Ug/kg).
Dredge spoil guidelines
for oil and grease were exceeded at Cheboygan, Alpena, and Harbor Beach.
CHEMICAL LIMNOLOGY
SEGMENTATION
In order to reflect the regional differences in water quality and to
facilitate the presentation of findings, the Reference Group divided both the
nearshore and the open water areas of the Upper Lakes into segments; this is
discussed further in Chapter 4. The nearshore segmentation for Lake Huron
and Lake Superior is shown in Figures 6-15 and 6—16, respectively. The open
water segmentation for Lake Superior, Lake Huron, theNorth Channel, and
Georgian Bay is shown in Figures 4—1 and 4—2.
Division was justified on a number of grounds. First, the water chemistry
and biology in different parts of a lake are frequently different. Therefore,
it would be misleading to combine measurements from different parts of a lake
into one average value. Such an overall average mightmask an unusually high
or low value in one area of a lake. Segmentation also allows quantitative
tests to be made to determine if apparent differences between areas of a lake
are statistically real or simply within the expected range of variation.
Segmentation will allow future changes in water quality or biology to be
quantitatively assessed, even if the changes occur in restricted areas. By
knowing the present quality of a small area of water, comparisons with future
water quality in that same small area can be made and changes detected.
Without segmentation, changes in 10ca1ized areas or even large regions might
well be lost in an average value for a large mass of data. Finally, segmenta—
tion is viewed as a convenient, efficient, understandable, and objective way



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































(mg/2) [0.3] [1.0] [0.9] [0.8]
pH 7.7 8.3 8.3 8.3
(18) (98) (59) (30)
[0.0] [0.1] [0.1] [0.1]
       
aThe three values represent the arithmetic mean; the number of samples,



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































weed and algal growths.
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processing industry near the harbour.
Chloride is a major concern in Saginaw Bay.
The primary source is a
solution mining—chemical industry in the basin.
Controls instituted over the
last ten years have resulted in about a 50% reduction in chloride loads and
concentrations in the bay.
The two primary contributors, Dow Chemical Company
and Michigan Chemical reduced their loads by 450,000 and 45,000 kg/d, respect—
ively, since 1965.
TRACE ELEMENTS
Nickel, lead, manganese, cadmium, chromium, iron, and zinc concentrations
are uniform and below harmful levels in Lake Huron. High levels of copper
(>6 ug/R) have been found in central Lake Huron in the summer of both 1971


































MAJOR ION CONCENTRATIONS IN THE EPILIMNION OF















































































(mg Cl/K) (18) (97) (58) (30)
[0.1] [0.4] [0.8] [0.2]
Sulphate 15.5 14.0 14.3 15.5
(mg SON/2) (18) (90) (53) (30)
[0.4] [2.4] [3.0] [0.4] {h_
Specific b 195 204 192 196
Conductance (18) (98) (59) (30)
(US/cm) [5.2]' [12.1] [18.5] [5.6]
     
a. The three values represent the arithmetic mean; the number of samples,
in parentheses; and the standard deviation, in brackets. Data are combined
from surveys in 1974 by CCIW, EPA, and GLRD.




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































Bay, and Whitefish Bay. The present average Open lake (Segment l3) concen—
trations for nutrients are shown in Table 6—14. These confirm the highly
oligotrophic nature of the lake.

























































cold water temperature. The chlorophyll a concentration, which is a measure
of the standing crop of biomass, seldom exceeds 1 ug/Q except in the extreme
western end of the lake; therefore summer depletion of nitrate and reactive
silicate is not great. The over—abundance of nitrate and reactive silicate
results in a condition which could lead to a rapid increase in biological
production if greater qﬂantities of phosphorus became available.
Nearshore Waters
The quality of nearshore waters of Lake Superior is similar to that of






































shore within 30 km of Duluth.





















































































































in Segment F (3.3 mg/Q).








































shore were also elevated (2.5 Ug/R), demonstrating the effects of Duluth—
Superior Harbor on the extreme western end of the lake. Chlorphyll a is
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1973 STAT I ST I CA
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TOTAL PHOSPHORUS IN NEARSHORE EPILIMNETIC WATERS OF LAKE SUPERIOR
Concentration in mg Pﬁl. The nearshore zone














































































































































































































































































































































Bay from 0.05-0.15 mg/Q and 0.68—l.4 mg/l,
respectively.
These concentrations
are generally above the levels necessary for the development of algal blooms.
St. Louis Bay is estimated to be receiving a phosphorus load at least twelve
?
times and Superior Bay nine times the rate that could promote algal blooms.
i
Nitrogen appears to be the nutrient which limits algal growth in both bays,
2
although phosphorus may be limiting at some times.
Dissolved oxygen levels
i
in St. Louis Bay often violate Minnesota standards; Superior Bay levels are
acceptable.
The Carp River mouth and Munising have very high phosphorus concentra-
tions, compared to the adjacent nearshore waters, attributable respectively
to the Marquette wastewater treatment plant and the Munising wastewater
treatment plant discharge to the Anna River. Discharges from a paper mill
also contribute to the high values of total phosphorus (0.016 mg/ﬁ) and total




The lake is almost homogeneous,
both vertically and horizontally with
respect to the major
ions.
Areas close to inputs are more variable,
but
differences are barely detectable statistically.
Major ion concentrations
and specific conductance for central Lake Superior











in the northern nearshore areas average
97
pS/cm, which coincide with
the open—lake values.
Values along the south
shore were lower, which may be an artifact of the design of the sampling
program.
Sulphate ranges from 1.9—5.2 mg/Q and chloride ranges from 0—2 mg/R.
The highest concentrations of dissolved solids were observed at some river
mouth locations and in embayments which receive waste inputs from industrial
and municipal sources.
Jackfish Bay

































adjacent nearshore waters principally as a result of inputs from municipal
and industrial sources.
TRACE ELEMENTS
There is no heavy




















manganese are significantly higher in the western arm of Lake Superior (6.8
ug/£ vs.

































0.01 ug/R for the seventeen parameters sought)
or PCB's (quantification limit
of 0.1 ug/Q) were found.
However,
detectable amounts of lindane were found
















in the waste plume of American Can of Canada Limited at Peninsula
Harbour ranged from 6-80 ug/Q.
In Jackfish Bay,
levels ranged from a mean of







































































































































































a. The three values representthe arithmetic mean; the number of samples,
in parentheses; and the standard deviation, in brackets.




RESERVE MINING COMPANY TAILINGS DISCHARGE
The discharge of 61 X 106 kg/d of taconite tailings waste from Reserve
Mining Company at Silver Bay contributes asbestiform fibres to the waters of
the western arm of Lake Superior. Prevailing currents transport these fibres
westward resulting in their uptake into several municipal water supplies.
This discharge also contributes significant amounts of dissolved loadings of
some chemical parameters. The tailings may also contribute to the enrichment
of Lake Superior. Additonal discussion is found in the Sediment section of
this chapter as well as Chapter 4 of Volume III.
HISTORICAL CHANGES
The major ion chemistry of the open waters of Lake Superior has not
changed since the earliest measurements in 1885 (Figure 6—17); calcium,
magnesium, chloride, and sulphate have remained unchanged since this date, and
sodium and potassium since about 1940.
The apparent decrease in alkalinity is
believed to be due to errors in the early measurements. A decline in "total
dissolved solids" is not believed to be real since this parameter must relate
to the major ions, for which no change is indicated. The quality and scarcity
of data for the trace metals do not allow deductions to be made. The same is
true of the nutrient data, except for nitrate which does show an apparent
steady increase of about 3 ug/R per year (Figure 6—18). Decreases in reactive I
silicate and total phosphorus concentrations since 1950 are believed to be
artifacts because of changes in analytical methods.
BACTERIOLOGY
Four indicator bacteria were utilized to characterize the bacteriological
water quality of the Upper Lakes. Coliform bacteria occur naturally in soil,
water, vegetation, and the intestinal tract of living organisms. Although
they are not generally regarded as pathogenic, the presence and abundance of
total and fecal coliforms indicate the potential presence of pathogenic en—
teric organisms. Several species of fecal streptococci occur in low numbers
in natural waters; their abundance is conclusive evidence of recent fecal
contamination. In addition, in domestic sewage the ratio of fecal coliform to ;
fecal streptococci is always >4.0, while in farmland and urban stormwater
runoffs the ratio is usually <0.7; thus, by establishing a ratio, the source
of pollution is often known. Heterotrophic bacteria respond to nutrient
enrichment and as such are indicators of the trophic state.
Results of analyses of the open waters of the Upper Lakes indicate not
only no pollution but also that in many cases the indicator species themselves
were not found.
Several inshore areas exhibit bacteriological water quality pollution or
degradation (Table 6—16) and are discussed more fully in Chapter 7. The major
causes were pulp and paper mill discharges and/or inadequately treated sewage.
The most degraded area is the St. Marys River but continued flushing with
clean Lake Superior water prevents bacterial levels from building up; however,
Lake George, downstream from Sault Ste. Marie, has a noticeable increase in























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































     























































































































































































































































   
Benthic organisms also indicate an influence of Saginaw Bay. North of
the bay, amphipods are relatively more abundant than chironomids and oligo—
chaetes. South of the bay, the opposite situation prevails. This is a
result of organic material being carried out of Saginaw Bay, either transported
directly from incoming tributaries or as a result of high primary production
in the bay itself.
Certain local areas, particularly Saginaw Bay, have a heavily impacted
biota. Blue—green algae predominate. Chlorophyll a concentrations in the
inner part of Saginaw Bay average 15.7 ug/Q. Both the zooplankton and the
benthic community are similarly degraded and productive.
GEORGIAN BAY
Phytoplankton populations in the open waters of Georgian Bay are composed
primarily of diatoms and chrysomonads; the assemblages and abundances are
indicative of oligotrophic conditions (Figure 6-19). However, blue—green and
green algae are present in significant but less abundant numbers. The average
chlorophyll a concentration is Nl.2 Ug/R (Figure 6—20), but open water values
as high as 2.5 Ug/R have been recorded in the extreme eastern section of
Georgian Bay, near Hope Island.
Cyclopoid copepods represent about half the zooplankton biomass of
Georgian Bay but calanoid copepods are also abundant with cladocerans in
lesser abundance. Both numbers and biomass of zooplankton in Georgian Bay are
lower than in Lake Huron (Figure 6—21).
Benthic organisms of the bay consist primarily of the amphipod Ponto—
pOPeia; oligochaetes and chironomids are also present. Their relative abun—
dance characterizes the oligotrophic nature of the bay.
Nearshore waters are characterized by similar oligotrophic plankton
types. However, some local areas, especially Midland Bay and Penetang Bay,
have higher chlorophyll a concentrations; values in Penetang Bay average $2.5
ug/R, well into the mesotrophic range. Rooted aquatic plants are also abundant.
NORTH CHANNEL
Chlorophyll a concentrations in the North Channel average 1.7 ug/R,
which is slightly higher than in Lake Huron or Georgian Bay (Figure 6—20).
This is a result of high phosphorus loadings relative to the small water
volume of the North Channel. Biological communities are similar to those in
Lake Huron.
LAKE SUPERIOR
Lake Superior is dominated by species characteristic of cold clear
waters of low productivity. It is doubtful that these species assemblages
with such narrow tolerance limits would be resilient to total or widespread
perturbations.of the environment. Increased productivity was observed only in
the nearshore areas, with significant deterioration of the biological community
























































































































































































particularly near Duluth—Superior Harbor and in Whitefish Bay.
However,
populations are low enough in all areas to indicate oligotrophic conditions.
Only localized embayments in Lake Superior have chlorophyll a concen—
trations indicative of enrichment. Duluth-Superior Harbor has an average
summer chlorophyll a concentration of W7.O ug/R; the phytoplankton population
has a high percentage of blue—green algal species. Both the zooplankton and
the benthos of Duluth—Superior Harbor have species compositions indicative of
eutrophic conditions. The average chlorophyll a concentration in Thunder Bay
is only 1.5 ug/R, with a maximum of 2.2 ug/l. Concentrations slightly above
2.0 ug/ﬂ were also infrequently observed at Munising and Marquette.
FISHERIES
Historically, both Lakes Huron and Superior were characterized by native
fish communities typical of recently glaciated oligotrophic lakes. Such com-
munities aredominated by the salmonids: the trouts, chars, whitefishes,
chubs, and lake herring, species which were highly prizedfor the table,
their sporting qualities, or both. The slightly warmer and shallower inshore
waters, especially in the bays and among the islands, typically supported
populations of sturgeon, walleye, perch, northern pike, and several Species
of suckers. Lesser species, dace and minnows, darters and sculpins, and
others occupied a variety of niches throughout the lakes.
In both lakes the original fish stocks have been very substantially































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































MERCURY AND OTHER TRACE METALS
Whole lake trout 21.6 kg mean total weights were collected from open





virtually assure that analyses of edible portions only would have shown concen-
trations in excess of the 0.5 ug/g guideline adopted by both countries.
On
this same basis, trout from off Duluth and among the Apostle Islands would
approach, if not reach, that guideline.
In fact, analysis of the fillets of
replicate samples of Apostle Island trout showed them to be just over the
guideline.
Larger fish from all these locations would be even more likely to
offend. Similarly, the average concentrationsof mercury in edible portions
of lake trout collected in nearshore areas were 0.40 ug/g in lean trout and
0.60 pg/g in fat trout for all stations. Thus, a substantial fraction of the
large lake trout from Lake Superior, especially large fat trout exceed the
food guideline for mercury.
No other trace elements pose a recognized risk to human health although
23 trace metals, rare earths, and other elements for which health guidelines
are largely lacking have been identified in generally low concentrations in
Lake Superior fish (Table 6—19). Little is known of the normal background
levels for most of these elements in fish, of the pathways by which they reach
them, or of the effects, direct or indirect, which they may haveon their
stocks.
POLYCHLORINATED BIPHENYLS
The concentration of PCB's in whole lake trout 21.6 kg total weight from
Keweenaw Point, Coppermine Bank, and Pic Bank exceeded 2.0 ug/g and those from
Bateau Rock, the Apostle Islands, Duluth, and Grand Marais approached that
value (Table 6—18). Analysis of both whole fish and fillet samples from the
Apostle Islands area yielded substantially similar results, which is sur—
prising since it w0uld be expected that a substantial proportion of lipo—





























































































































































































































































































































































































































~5.0 ug/g (Table 6—18).
Since a substantial fraction of the burden of DDT and














However, fat lake trout or lake trout of substantially
larger size probably will exceed the guideline at these and perhaps other
sites; in fact “15% of the individual samples from the first three sites
contained >10 ug/g total DDT on a whole fish basiS,
a concentration almost
certain to represent an infraction of the guideline.
Analyses of lake trout
fillets from the Apostle Islands suggest about a 50% reduction in fillets as
compared to whole fish (2.99 ug/g versus 6.29 ug/g respectively) and average
concentrations of DDT in edible portions of lake trout from the nearshore
program were 1.03 Ug/g in lean trout and 3.27 ug/g in fat trout.
The present data, when compared to data collected in the late 1960's,
fail to display a discernable reduction in the average level of DDT contami—
nation in Lake Superior lake trout. Results of earlier studies by the U.S.
Fish and Wildlife Service permit estimation of the average concentration of
total DDT in whole lean lake trout of comparable size from the western portion
of the lake as 3.28 ug/g in 1965—1968 compared to 3.25 ug/g in 1974—1975.
DIELDRIN AND OTHER ORGANICS
Concentrations of dieldrin in whole lake trout weighing 21.6 kg from the
Apostle Islands and Bateau Rock exceeded 0.3 Ug/g (Table 6—18). However,
since a whole fishzfillet comparison for Apostle Islands lake trout showed a
reduction from 0.47 to 0.21 Dg/g these relatively high whole fish values are
not taken to signal an infraction of the U.S. and Canadian guideline of 0.3
ug/g in edible portions.
No other organics are currently recognized as presenting a health pro-
blem. However, lindane and chlordane are widespread (Table 6—17) while a wide
range of other organic compounds has been identified in Lake Superior open
water fish (Table 6-20). Too little is known of their chronic effects,
singly or together, to permit any estimate of the direct risk to fish stocks
or to man as a consumer of this low level contamination. Still less is known
of the pathways by which they reach fish and the effects which they may have






























































































































































   
 MATURE WHOLE LAKE TROUT FROM SELECTED LOCATIONS
TABLE 6—18
MEAN CONCENTRATIONS 0F SELECTED CONTAMINANTs IN
IN THE OPEN WATERS OF LAKE SUPERIOR
  
TROUT MEAN CONCENTRATION (pg/g)
LOCATION WEIGHT (kg) MERCURY PCB TOTAL DDT DIELDRIN
Keweenaw Point 2.1 0.88 4.32 7.08 0.12
Coppermine Bank 2.5 0.78 2.27 8.17 0.10
Pic Bank 2.0 0.58 2.67 3.99 0.08
Grand Marais 1.6 0.52 1.72 1.82 0.06
Bateau Rock 1.9 0.50 1.65 8.06 0.32
Duluth 2.3 0.40 1.85 1.64 0.08
Apostle Islands 2.7 0.39 1.80 6.29 0.47
Chummy Bank 1.4 0.26 1.15 1.27 0.06
Whitefish Point 2.3 0.27 0.80 1.12 0.06





TRACE ELEMENTS IN WHOLE LAKE TROUT
FROM OPEN WATERS OF LAKE SUPERIOR
MEAN CONCENTRATION (pg/g)


























































































































































































































































































































































































































































































































































































































of Ontario. Further, the mercury contamination observed at Bateau Rock may
result from a naturally high background level similar to that known to affect
fish from the inland lakes of nearby Isle Royale, while that at Pic Bank may
owe something to enrichment of the natural background as a result of past pulp
mill operations at Peninsula Harbour, Ontario, 27 km to the northeast.
The data suggest that the lake disperses contaminants from the numerous
industrial, municipal, agricultural, land drainage, and atmospheric sources
through such mechanisms as water mass movement or transport after uptake by
the biota so that their ultimate disposition no longer reflects their separate
sources. Such processes are scarcely defined let alone well understood but
nonetheless result in substantial variability from place to place in the
degree of contamination encountered in fish. Further, dispersal mechanisms
must help integrate contaminant loads to the lake as a whole. Hence samples
from locations remote from known sources of contamination help provide a
useful index to the general status of the lake, particularly if they are
relatively heavily contaminated. Two such locations, off the tip of Keweenaw
Point and on Coppermine Bank, recommend themselves as potential index stations.
CONTAMINANTS IN LAKE HURON FISH
Table 6—17 presents average concentrations of trace metals and organics
found in whole fish collected in the open waters of Lake Huron. No recog-
nizable risks to human health were identified in the open water fish; however,
large lake trout or a substitute species of similar bioaccumulation charac-
teristics were not available in the offshore collections. In the nearshore
program, occasional samples of chinook salmon, rainbow trout, walleye, and
northern pike were found to approach or exceed human health guidelines for
mercury and PCB's.



















































































































































































































































































































































































































































TRACE ELEMENTS IN WHOLE FISH SAMPLES OF BURBOT AND
BLOATER CHUB FROM OPEN WATERS OF LAKE HURON OFF GODERICH
  
MEAN CONCENTRATION (Hg/g)









































































































































guideline of 5.0 Ug/g.
Concentrations in other fish sampled
as part of the nearshore program ranged from non—detectable
to 1.9 ug/g (rain—
bow trout from Goderich).













between 0.007 and 0.48 ug/g.
Although there are fewer instances of fish exceeding food guidelines
for
PCB's in Lake Huron than in Lake Superior,
this more accurately reflects
the
lack of large lake trout in Lake Huron than any tendency toward lower PCB
levels in Lake Huron.
Comparisons of average PCB's in species such as bloater
chubs, burbot, sculpins, rainbow trout, walleye, yellow perch, and northern
pike suggest that the level of PCB contamination is higher in Lake Huron than
in Superior.
DDT AND DERIVATIVES
The lake—wide average concentration of DDT in large, whole bloater chubs
was 2.85 ug/g with the highest values occurring at Alpena, Mackinac Island,
Goderich, and Lonely Island (4.4 to 2.2 ug/g). DDT in edible portions of fish
in the nearshore program averaged 0.04-0.54 ug/g and confirmed the apparent
lack of any risk to human health associated with DDT in fish from Lake Huron.
However, the lack of large lake trout in Lake Huron is again the primary
reason for the lower incidence of problems. Comparisons of average DDT levels
in bloater chubs, sculpins, rainbow trout, Whitefish, walleye, yellow perch,
and northern pike taken from both lakes suggest that DDT levels are as high or
higher in Lake Huron than in Lake Superior.
OTHER ORGANICS
No other organics are currently recognized as presenting a health problem
in Lake Huron fish. However, dieldrin, lindane, and chlordane are widespread
(Table 6-17) and a wide range of other organic compounds have been identified
in Lake Huron fish from the open waters (Table 6—20). Too little is known of
their chronic effects, singly or together, to permit any estimate of the
direct risk to fish stocks or to man as a consumer of this low level con—
tamination. Still less is known of the pathways by which they reach fish and
the effects which they may have on other components of the aquatic ecosystem







































































































































































































































































































































































Existing problems and areas of concern in the Upper Lakes are presented
and discussed by issue in this chapter. The conclusions drawn provide the
basis for the recommendations presented in Chapter 1. More detailed informa—
tion is contained in Chapters 6 of Volumes II and III.
ENRICHMENT
The response of lake systems to nutrient loadings or different rates of
enrichment depends primarily upon the depth, flushing time, surface area, and
bottom sediment type of the lake. The response of aquatic plants to that
enrichment determines the trophic nature of the lake which is the basis for
lake classification as oligotrophic, mesotrophic, or eutrophic. Figure 7—1
provides in general terms the relationship between trophic state and water
quality conditions. Figures 6—20 and 7—2 show the chlorophyll a and the
total phosphorus concentrations, respectively, of selected areas of the Great
Lakes System.
Practical problems that are related to the trophic state of a lake
pertain to the plant growth itself and to some of the ensuing changes in
biota higher up in the food chain. Oligotrophic lakes receive relatively
little enrichment and support a low level of plant production. Waters in
Such lakes are usually very clear year round. At the other end of the scale,
eutrophic lakes are rich in plant nutrients and support extensive growths of
plant material. Increased algal growth results in greater water turbidity.
This, among other things, presents clarification problems for water supply
systems and makes water less desirable for recreational purposes. Mesotrophic
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worse than the stated average.











































































































































































































































































































29% is due to cultural point sources.
These sources are being subjected to
additional control
(particularly for inputs to Saginaw Bay) which will reduce
phosphorus
loading from its present 3720 t/a to 3020 t/a.
This level of
loading is adequate to protect the present trophic state of the lake.
How—
ever, the potential for future cultural enrichment is large, as indicated by
projections to the year 2020, even with maximum phosphorus controls of all
municipal and industrial sources.
Therefore increased controls on other
sources, which account for 71% of the present phosphorus inputs, will be
necessary. These include contributions from land use activities, atmospheric
inputs, Lake Superior, Lake Michigan, the North Channel, and Georgian Bay.
Of the total phosphorus loading to Lake Huron proper, W702 is retained
within the lake, primarily in the sediments. Only one fourth is effectively
passed on to the Lower Lakes.
Very few nearshore areas of Lake Huron proper can be considered eutro—
phic. The one exception is Saginaw Bay, which receives wastes from about
1,200,000 people, as well as from industry and from rural drainage from
intensively farmed land. The Saginaw River contributes 35% of the total
phosphorus which enters the main body of Lake Huron. This elevated loading
has resulted in extremely enriched conditions in Saginaw Bay compared with
other areas of the Great Lakes system. Total phosphorus concentrations of up
to 0.058 mg/R have beenmeasured from 1965 to 1974 (compare with Figure 7-2).
  
The average chlorophyll a concentration in Saginaw Bay is 15.7 ug/Q
(Figure 6—20). The total phytoplankton biomass concentration is 13,000 ug/2
by wet weight, of which 14% is due to blue—green algae (Figure 6—19). Zooplank-
ton biomass averaged 289 mg/m3 on a dry weight basis, only 6% of which was


























































































































































































































































































































































































LOADINGS IN TONNES PER YEAR
 
CATEGORY
    











































North Channel 261 261 364
Georgian Bay 74 74 94
TOTAL 3720 3020 4230
a. These values include municipal and industrial inputs upstream in the

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































PHOSPHORUS LOADINGS To GEORGIAN BAY
   



































































































































































































watershed as well as direct discharges to the North Channel.
Assumed constant.





Lake Superior is oligotrophic (Figure 7—3) with chlorophyll 9 levels of
N1 pg/Q (Figure 6—20) and total phosphorus concentrations of 3—5 ug/Q (Figure
7—2). In order to maintain present water quality and taking into account
that the lake is not in equilibrium with present loadings, the calculated
loading must not exceed 3900 t/a. Table 7—4 summarizes the present and
projected loadings of phosphorus to Lake Superior. Present loadings from
point sources is only WISZ of the total. The planned reductions of 200 t/a
will come close to maintaining the present water quality of Lake Superior.
In order to achieve the objective of 3900 t/a and with future development, it
will be necessary to install maximum phosphorus controls at all municipal and
industrial sources. If required, additional control can be achieved through
reductions of phosphorus in detergents and by reducing nonpoint source inputs.
Duluth—Superior Harbor exhibits definite signs of enrichment. In addi-
tion, local areas at Munising, Marquette, and Thunder Bay are experiencing
nutrient buildup. Adequate treatment and phosphorus removal will alleviate
this water quality degradation; facilities are being installed for the three
U.S. areas.
CONCLUSIONS
With the long flushing times and effective mixing of the Upper Lakes the
general trophic states of Lake Superior and the main body of Lake Huron are
the result of loading from all sources. In contrast to the Lower Lakes (and
with the exception of Saginaw Bay) cultural inputs of phosphorus do not





























































































































































































































































































































































































































































































    
 TABLE 7—4
PRESENT AND PROJECTED
PHOSPHORUS LOADINGS TO LAKE SUPERIOR
 
LOADINGS IN TONNES PER YEAR
 
CATEGORY After Scheduled Projection To
1974 Reductions 2020C
United States 1840 1640 1750
Municipalaa 440 240
Industrial 20 20
Nonpoint Source 1380 1380
Canada a 1220 1220 1940
Municipal a 40 40
Industrial 100 100
Nonpoint Source 1080 1080
Atmospheric 800 800 800:
Shoreline Erosion 280 280 280
TOTAL 4140 3940 4770
   
These values include municipal and industrial inputs upstream in
as well as direct discharges to Lake Superior.
Assumed constant.






The significance of fecal streptococci is discussed in Chapter 6;
Psaudomonas depuginosa organisms are responsible for many upper respiratory
tract, urinary tract, and other infections; and are indicators of potential




Sault Ste. Marie, the Town of Blind River, the Spanish River mouth,
Penetanguishene, Owen Sound, and Goderich in Ontario and Cheboygan, Alpena,
Harbor Beach, Tawas City, and the Saginaw River mouth in Michigan exhibited
1?
poor bacterial quality on more than one occasion or at more than one sampling
location.
In many cases, sampling was not intensive enough to allow a strict
comparison with objectives; however, the data are indicative of existing or
potential problems from sanitary waste inputs.
 
The most extensive contamination exists from July to October in the St.
Marys River downstream from Sault Ste. Marie, Ontario. Total coliform levels
rise significantly immediately downstream from a point near the Canadian
navigation lock. Levels then decline slightly, but rise again downstream
from municipal overflow sewers. After decreasing once again, coliform counts
are again reinforced below the municipal sewage treatment plant discharge.
This pattern is also observed in the Pseudomonas aeruginosa levels; the
highest levels in the Upper Lakes were found in the St. Marys River.
The bacterial levels in the northwestern portion of the North Channel
are elevated because of loadings from the St. Marys River. The rest of the
North Channel is of high bacteriological quality except in the vicinity of
Blind River where elevated fecal coliform and Pseudomonas aaruginosa levels
were found in June 1974 and also at the mouth of the Spanish River where high
levels of total and fecal coliforms were evident in the summer and fall of




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The nearshore, harbour, and open lake waters of Lake Huron generally do
not exhibit any violations of any present or proposed water quality objectives
for metals. Concentrations of dissolved nickel, lead, manganese, cadmium,
chromium, iron, and zinc are uniform and below all use criteria. Abnormally
high levels of copper (6 Ug/l) were found in central Lake Huron in the summer
of 1971 and 1974 for no apparent reason.
Unfiltered water samples-from Michigan nearshore waters in 1974 generally
showed low levels of metals; however, the mean copper concentration of 8.3
ug/l at Tawas City slightly exceeded the safe copper concentration (6 pg/Q)
reported for Daphnia and also exceeds the proposed Agreement objective of 5
ug/R. Mean zinc concentrations were highest at DeTour Passage (19.5 ug/Z)
and in Saginaw Bay (16.2 ug/K). These approach levels which have been do—
cumented to be chronically toxic to certain aquatic organisms. The proposed
Agreement objective for zinc is 30 ug/Q.
FISH
Samples of some fish species from Canadian waters of Lake Huron showed





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































and whitefish from some locations around
the lake.
While point source discharges appear to be the cause of most high mercury
levels in fish, a significant portion of the mercury input to Lake Superior is
from natural sources.
This is substantiated by the fact that mercury levels
in walleye from inland lakes on Isle Royale, which have no sources of mercury
other than weathering of soils or atmospheric inputs, have been historically
high and often exceed the Food and Drug Administration guideline.
SEDIMENT
Mercury contamination of sediments exists in numerous areas of Lake
Superior. While natural levels of mercury from soil weathering and geoche—
mical processes appear unusually high, certain industrial discharges have been
identified as additional sources.
Concentrations of mercury in excess of the 0.3 mg/kg Ontario guideline
are present in the sediments of Thunder Bay and Peninsula Harbour as a result
of past discharges of mercury from chlor—alkali plants at these locations.
These concentrations are considered to be residual and should decrease in time
to levels within the acceptable criterion without additional remedial programs.



















tions of mercury; these were deposited at about the turn of the century during
a period of mining activity near Thunder Bay. Transboundary movement of this




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Reported as present in fish of the Great Lakes during the mid—
l960's, DDT was banned from use in the states bordering on Lake Michigan
during 1969—70, essentially banned in Canada in 1970, and banned in the United
States in 1972.
Since the control on DDT usage by the states bordering Lake
Michigan, average residues of this insecticide have declined dramatically in
that lake. Current recommended guidelines or criteria for maximum acceptable
concentrations of DDT's in water and the aquatic biota are:
5.0 Ug/g in edible tissues of fish —— U.S. and Canadian federal
1.0 Ug/g (DDT + metabolites) in whole fish —— proposed Agreement objective
for protection of wildlife
0.003 Ug/R (DDT + metabolites) in water —— proposed Agreement objective
for protection of wildlife
0.001 mg/Q in raw water —— U.S. Water Quality Criteria
Residues of DDT were not detected in the waters of the Upper Lakes and a
limited sampling program detected DDT in sediment from Black Bay on Lake
Superior and Saginaw Bay, Georgian Bay, and Serpent Harbour on Lake Huron.
However, DDT residues are detectable in essentially all samples of fish tested
from Lakes Superior and Huron. Large lake trout from Lake Superior often
exceed the Canadian and the U.S. food guideline while large bloater chubs and
burbot from Lakes Superior and Huron commonly exceed the proposed Agreement
Objective for wildlife protection. Review of available data collected by
various investigators and agencies provides no unequivocal evidence that
average DDT levels have declined in fish from Lake Superior during the past '

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Thunder Bay, Nipigon Bay, and Jackfish Bay on Lake Superior, in the North
Channel near the mouth of the Spanish RiVer, and in the St. Marys River.














municipal sewage treatment plant discharges at Sault Ste. Marie, Ontario.
The
problem in the St. Marys River is caused by excessive levels of phenols and
constitutes transboundary pollution.
It is expected that ongoing or planned remedial programs at Algoma Steel
Company, the Domtar Ltd. mill at Red Rock (Nipigon Bay), and the Great Lakes
Paper Company mill at Thunder Bay will reduce present discharges of taste and
odour causing compounds to levels in compliance with Agreement and Ontario
objectives, but it will be necessary to take additional measures to abate the
problems originating from the municipal discharges at Sault Ste. Marie,
Ontario and the remaining pulp and paper mills. The technology is presently
available to achieve this abatement.
ASBESTOS
Asbestos in its several minerological forms enters the Upper Lakes Basin
either as a waste product from processing metal—bearing ores (such as iron,
copper, and nickel), from the weathering of rock outcrops, or as a result of
its multitude of uses, such as insulation, brake linings, and asbestos cement
pipe. The concern about asbestos is that its widespread use and consequent
distribution into the environment may be a potential health hazard to the
general public. This concern is based upon the known facts that tiny asbestos
fibres in the atmosphere cause asbestosis, a scarring of the lungs by in—
creased fibrous tissue growth; malignant tumors in the lung and abdominal
cavity lining; and lung cancer. The effects of ingested or swallowed asbestos
fibres are not so well documented since they have only recently come under
study. However, the high incidence of stomach cancer in Japan has been linked
to the use of rice dusted with talc containing asbestos. Experiments on rats

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































objective by the year 2000.
EROSION
The United States and Canadian shoreline of southern Lake Huron is
subject to erosion,
primarily of sand and gravel.
This area contributes 85%
l?
of the 6.6 X 105 m3 that is eroded annually from Lake Huron's shoreline.
The
major concerns are property loss and a reduction of water clarity.
The 10cal
consequences of this erosion are a slightly lower transparency and an increase
in total phosphorus concentration. Studies by the Pollution from Land Use
Activities Reference Group will yield definitive answers about the impact of
this erosion on water quality.
The Wisconsin shoreline of Lake Superior is subject to extensive erosion
0f red clay. The mean annual input is Wl.4 X 106 m3, 55% from shore erosion,
37% from resuspension, and 8% from stream runoff; in the summer shore erosion
is 70% of the total. Loadings from red clay comprise W92 of the phosphorus,
W4Z of the reactive silicate, and WAZ of the dissolved solids loadings to Lake
Superior. Though small on a whole—lake basis, these loadings constitute a
major input to the western arm of the lake and, as such, are a subject of
Concern. Increased turbidity affects potable water’supply intakes and 18
aesthetically unpleasing. The average open lake suspended solids concen—











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































disposal may greatly accelerate the release of metals and toxic materials to
the lake where they become available for bioaccumulation in the food chain.
For additional details see Chapters 6 of Volumes II and III.
The Reference Group concludes that dredging should not be expanded beyond
present levels and that all disposal should be in confined areas. Quantities
dredged are not expected to increase.
The Reference Group further concludes that dredging is a minor problem
with regard to total loadings to the lakes but can be highly significant in
its local impact. The Reference Group concurs with the conclusions of the
International Working Group on the Abatement and Control of Pollution from
Dredging Activities that the present criteria for evaluation of dredging
effects are scientifically inadequate.
VESSEL WASTES
Concern with vessel wastes is not so much with their contribution to the
total loadings to the lakes, but rather with their impact on harbours and
embayments. Discharges in these confined areas can seriously impair water
quality.
Vessel wastes are classed as personal (black and gray water), operational
(bilges), and functional (cargo spillage and ballast). Personal waste consists
primarily of sewage, galley and wash water, and solids such as food containers.
Operational waste consists of oily bilge waters, dunnage, and heat due to
discharges of cooling water. Functional waste consists of cargo residues.
Estimates of annual inputs by waste category are given in Table 7—5. On
a whole—lake basis, no parameter, except chloride into Lake Superior, constitutes
more than 1% of the total loading. Chloride into Lake Superior accounts for
4% of the total load and arises from discharge of sea water ballast, primarily
in the harbour areas. In addition, this discharge may result in the intro—
duction of salt and brackish water biota. Based on previous experience with






























































































































































































































































































































































































































































Transboundary movements of discharged vessel wastes appear to occur only
in shipping lanes near the international border.
Dis<narges in harbours have
not indicated the threat or possibility of transboundary movement.
SPILLS
The total volume of pollutants spilled in the Upper Lakes represents only
a small fraction of the total loadings. Most spills occur in shipping lanes,
channels, or harbours and usually involve a slug discharge. The short—term
impact in the immediate vicinity of the spill may be very serious. Spills of
oil and other hazardous materials have interfered with recreational water uses
and threatened water supplies and ecologically sensitive areas. Unfortunate—
ly, regulatory agencies have not conducted post—spill studies to determine the
long-term environmental effects associated with any spill incident.
Toxicity is directly and subtly related to the nature of the material
spilled and the rate of its dispersion or cleanup. Materials spilled include
anything used in manufacturing or being transported. There are as many causes
and each response is unique. Neutralizing agents, if employed, may also be as
harmful as the material spilled.
During 1973 and 1974 there were 115 direct spills of oil or petroleum
distillate in the Upper Lakes (34 on Lake Superior and 81 on Lake Huron) with
a loss of more than 286,000 1, and 17 incidents which involved other poten—





























































































































































































































































































































































































































































































































































































































































































































































































































































































































Nine fossil—fueled power plants discharge waste heat to Lake Superior.
Although the temperature of the cooling water is raised as much as 16.7 C° by
the waste heat, there are no present violations of temperature criteria.
Three fossil—fueled plants and one nuclear power plant complex discharge
waste heat to Lake Huron. The heat discharged from the fossil—fueled plants
raises the cooling water as much as 9 C° above ambient. The Bruce nuclear
complex, which also includes a heat—discharging heavy water production plant,
is the largest thermal facility on the Upper Lakes. When fully operational,
it will annually discharge 127 X 109 kWh of heat and will raise the cooling






































greater for the Bruce complex than for even the largest fossil-fueled plant on
the Upper Lakes (406 m3/s vs. 34.1 m3/s for the J.C. Weadock plant at Essex—







































































































































































































































































































































































































































































































































































 Since sources are closely related to land use and industrial activity, it
must be assumed that the loading to the atmosphere will increase, in general,
with economic growth. Air pollution control measures can counterbalance this
increase. Shifts in economic factors such as increased use of fossil fuels
and the introduction or withdrawal from use of synthetic organics, such as
PCB's or DDT, will also significantly influence loadings.
The relative and the absolute contributions of various areas of the
United States and Canada to the atmospheric loading of Lakes Superior and
Huron were estimated, based upon a long—range atmospheric transport and depo—
sition model. The relative contribution from each area to the loading of
nutrients, minerals, and selected trace metals can be considered representa—
tive, although absolute levels must be considered tentative; details are given
in Chapters 3 of Volumes II and III. The model indicated that about 77% of
the atmospheric phosphorus loading to Lake Superior and about 85% to Lake
Huron are from U.S. sources. About 85% of the atmospheric trace metals loading





























































































































































































































































































































































































































































towards meeting water quality objectives which
have been established
in a manner to protect water uses;
as such,
there
is no minimum requirement for secondary treatment or phosphorus removal.
Municipal waste treatment costs given in Table 8-1 include land acquisition,
engineering, and twenty—year design capacity but do not include sewer
extensions for new development or operating costs.
The industrial cost estimates are based on best practicable waste treat—
ment technology in both countries, but do not include cost of on—land disposal
by Reserve Mining Company. It was assumed that industries would treat wastes
on site. Increased water recycling and modification of manufacturing processes
to use less water and to minimize product and by—product losses may reduce
these estimated costs.
The capital costs for municipal waste collection and treatment facilities
to correct existing water quality problems in the Upper Lakes are estimated
at $195,000,000 and $79,000,000 in the United States and Canada, respectively.
Industrial waste treatment requirements are estimated as $109,000,000 and
$192,000,000, respectively. To meet nondegradation recommendations pertaining
to phosphorus removal at all plants would require an estimated additional
capital expenditure of $2,000,000 in Canada.
Based upon present technology and agency criteria, the additional
expenditures required in order to maintain adequate municipal treatment to
the year 2000 for municipalities in Ontario have been estimated, in 1975
dollars, at $6,500,000 for the Lake Superior Basin and $70,500,000 for the



























































































































































































































































in Canada, but where contaminated materials are encountered,
the spoils are generally incorporated into landfill operations utilizing
existing containment areas.
No costs are presently available for a permanent
dredging disposal area at Thunder Bay.
Although the Reference Group did not undertake studies to directly
relate storm and combined sewer overflows
to water quality problems, prelimin—
ary studies in both countries have provided some tentative costs.
In the
p
U.S. the capital costs of programs to correct combined sewers is estimated at
0
$130,000,000 for Lake Huron and $30,000,000 for Lake Superior.
Similar costs
for Canada have been estimated at $150,000,000 for Lake Huron and $25,000,000
for Lake Superior.
@-
Reasonably accurate estimates of the costs for the remaining remedial
h
programs are not available, but these are assumed to be a small part of the
"
total. Pollution from land drainage is currently being studied by the Pollu—
tion from Land Use Activities Reference Group, and control measures and costs
will be developed as a part of their report, scheduled for completion in
1978. Costs for vessel waste treatment and control may be large for individual
vessel operators but are a relatively small part of the total cost picture.
Similarly, costs for measures for spill prevention and control are usually
small in comparison to the other costs for pollution control and are often
more concerned with operational procedures than with capital costs.
Costs for waste heat disposal and control of radioactivity are mostly
concerned with thermal power production, except for a past radioactivity
problem in the drainage from the Elliot Lake, Ontario, uranium mining area
which is now largely under control. Most costs for control of waste heat and
radioactivity are concerned with future thermal power developments for which ‘
detailed plans or costs have not been finalized. The most important area of {5


















shown to be nondegraded to any significant extent.
However,
a number of areas
have
been identified where Agreement objectives or agency standards have been
violated or where definite changes in water, sediment, and fish quality have
been identified.
For those areas where violations or impairment have been identified,
remedial measures are either in force or implementation is specifically
recommended by the Reference Group.
Where remedial measures are in place,
surveillance of their effectiveness to resolve the identified water quality
problems is required. Where surveillance proves these measures to be inade—
quate, additional remedial measures will be recommended. For those cases
where the Reference Group has recommended specific remedial measures, surveil-
lance of the immediate receiving waters should be carried out when the recom—
mended measures have been implemented.
/
For those areas where the Reference Group's survey activities have
identified some degradation, surveillance is recommended to clarify the
extent and seriousness of this degradation.
Although neither Lake Superior nor Lake Huron is considered to be in
equilibrium with its present waste inputs, it is not expected that future
changes in water quality will be of sufficient magnitude or seriousness to
warrant an extensive Open water surveillance effort on a yearly basis. In
comparison to the Lower Lakes, Lakes Huron and Superior possess much greater
volumes of water while at the same time are subject to only a fraction of the
materials input. Therefore, changes in the water quality of the main bodies
of these lakes, even under projected loads, will occur at an extremely slow
rate. In terms of the surveillance effort required, this means that assess—
ment of Open lake conditions would be adequate on a 10—15 year interval in the
Upper Lakes compared to the annual programs necessary on Lakes Erie and Ontario
The achievement of nondegradation depends on minimizing any increase in
materials loading to the lakes. The Reference Group, therefore, recommends
that priority be placed on refining present municipal, industrial, and tribu—
tary loading estimates and maintaining intensive monitoring of major inputs
and the receiving waters such that excessive increases in loading can be
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US Drinking Water Standard (cont‘d) (3) When 20 or more are examined per month, in more than 5% of the
samples.
When the fermentation tube method and 100 ml standard portions are used,
coliform bacteria shall not be present:
(1) In more than 60% of the portions in any month.
(2) When <5 are examined per month, in more than one sample.
(3) When five or more are examined per month, in more than 20% of the
samples.
Wisconsin State Standard
Same as U.S. Drinking Water Standard
Ontario Provincial Drinking Water
Objectives
When a minimum of two distribution system samples of 100 ml each are






Pathogens (e.g. Pseudomonas aeruginosa): 0/100 ml
Total Coliforms:
5/100 ml
Excesses require immediate action including additional sampling
followed by chlorination to a total chlorine residual of 0.5 mg/l
or a free chlorine residue of 0.2 mg/l at end of distribution system
and possible issuance of boil—water order.
(2) Distribution system should be inspected if total coliforms in the
range of 1-4/100 ml are found in >52 of monthly samples, or if
aeromonas sp. or clostridia perfungeus are >0 in more than 10% of







US Water Quality Criteria
In a 30—day period in <10% of the samples >400/100 ml
Canadian Federal Guidelines
Total Coliforms










<200/100 ml for total body contact waters
<1000/lOO m
l for all o
ther waters
    
 PARAMETER
USE AND AGENCY










(200/100 m2. Not fewer than 5 samples collected per month.
Not to exceed 400/100 mQ in more than 10% of samples.
In a geometric mean consisting of at least 10 samples per month, including


























US Drinking Water Standard






























   
    
PARAMETER
USE AND AGENCY











































































































































































































































































































































































































not to exceed 1/10 to














































































































US Drinking Water Standard



































US Drinking Water Standard
Wisconsin State Standard
Fish and Aquatic Life















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































US Drinking Water Standard





Ontario Provincial Drinking Water
Objectives















Free cyanide in unfiltered water sample should not exceed 0.005 mg/E.
   
Raw Water











US Drinking Water Standard


























not to exceed 1/10 to































Fish and Aquatic Life
Proposed Agreement Objective
In unfiltered water s














US Drinking Water Standard


















not to exceed 1/10 to 1/100 of 48-hour TLm
DISSOLVED MATERIAL;
Fish and Aquatic Life
US Water Quality Criteria




US Water Quality Criteria
Desirable:
Permissible:
Upper waters of lakes not less than 6.0 mg/Q.
near saturation
monthly mean 24.0 mg/Q
individual sample 23.0 mg/R
6.0 mg/ﬁ, minimum in Great Lakes, connecting channels, and trout waters
5.0 mg/l, daily average for all other waters except inland lakes
4.0 mg/R, absolute minimum for all other waters except inland lakes
5.0-6.(Lm2/2 for inland lake:
Michigan State Standard


























monthly mean 24.0 mg/ﬂ
Individual sample 23.0 mg/£
Hypolimnetic waters not less than necessary to support fishlife.
(1) Should be not less than (mg/2) = 1.41M — 0.0476 M2 — 1.11, where
M = natural minimum and assumed to be saturation unless scientific
data show that natural levels were less than saturation in the
absence of man—made effects.
(2) Should not be less than 6 mg/Q.
6.0 mg/Z
From October lst through May 31st not less than 7.0 mg/l.
Other times not less than 6.0 mg/l.
5.0 mg/l except trout (6.0 mg/ﬁ), and 7.0 mg/1 in spawning season.
Warm water biota — at all times should be above 5.0 mg/l.
Cold water biota - spawning areas not less than 7.0 mg/l.
Cold water biota — other areas not less than 6.0 mg/Q.
In certain situations, when other water quality conditions are favorable,
concentrations may range for:
Warm water biota — between 4.0-5.0 mg/l
Cold water biota — between 5.0—6.0 mg/Q
DISSOLVED SOLIDS
(See Also "Total Dissolved
Solids")
Raw water
Michigan State Standard (all waters)
Wisconsin State Standard
Monthly average - not to exceed 500 mg/2.
At any time — not to exceed 750 mg/2.
Monthly average — not to exceed 500 mg/2.
At any time - not to exceed 750 mg/2.
ENDOSULFAN
Fish and Aquatic Life





not to exceed 1/10 to 1/100 of 48—hour TLm






















































































































































































































































































































































































































































































CRITERIA, STANDARDS; OBJECTIVES; AND GUIDELINES
GUTHIO
Fish and Aquatic Life
Proposed Agreement Objective
In unfiltered water sample should not exceed 0.005 ug/Q.
HEPTACHLOH
Raw water













































































































































































































































































































































































































































































































































































































Canadian Federal Guidelines (dissolved
Objective:
Acceptable:

















Ontario Provincial Drinking Water
Objectives
































Total iron in unfilter
ed water sample not t











































































































































































































































































































































































































































































































































































































































































LINEAR ALKYLATE SULFONATE Fish and Aquatic Life
(LAS)
US Water Quality Criteria not to exceed 0.2 mg/R or 1/7 of the 48—hour TL
m


































US Drinking Water Standard
0.05 mg/i



































































































































































































































































































































































































































































































Fish and Aquatic Life
Proposed Agreement Objective
Total nickel in unfiltered water sample should not exceed 0.025 mg/£.
Ontario Provincial Criteria













































































   








































































Maximum permissible:(any single sample)
Wisconsin State Standard
Phenols and other taste and odour substances
absent.
virtually absent
recommends no desirable concentrations
should be substantially
Materials producing odour shall not be present.
Threshold Number = 3




2/3 of samples in a 30 day period <4 T.0.N. units
8 T.0.N. units







US Water Qualtiy Criteria


















Floating or submerged debris, oil, scum, or other material shall be
virtually absent
absent
Free from floating de








s should not be presen
t
(2) Can be detected by odour.
in concentrations that:
(1) Can be detected
as a visible surface
film, sheen, or disco
louration.
(3) Can form shorelin
e deposits or bottom
sediments that are
detectable or deleterious.
(A) Can cause taintin
g of edible aquatic o
rganisms.
(5) Can cause concen
trations in water >0.






























Fish and Aquatic Life
Agreement Objective
Proposed Agreement Objectives





























0.7 mg/K for CCE
3.0 mg/Q for CAE






























Concentration to produce no greater effect than 0.1 mg/Q parathion.
PARATHION












































































































































































































































Province of Ontario Criteria
Fish and Aquatic Life







6.7—8.5 for Great Lakes waters
6.5—8.8 for all other waters
6.0—9.0; No change ou
tside the estimated n
atural seasonal maxim
um and
minimum greater than 0.5 pH units.
least amount of interference with treatment process.
6.0—8.5
6.5—8.3
d not change beyond range 6.5—8.3.
6.5~9.0
Change above natural seasonal maximum not greater than 1.5 pH units.
Change below natural seasonal minimum not greater than 1.5 pH units.



























Limited to extent to prevent nuisance algae, weed, and slime growths
which are or may become injurious to beneficial water use.
recommends no desirable concentrations
recommends no desirable concentrations
sufficiently low to avoid nuisance conditions
not to encourage growth of algae. Not to interfere with treatment process.










Fish and Aquatic Life
US Water Quality Criteria
absent
PYROCATECHOL
Fish and Aquatic Life
US Water Quality Criteria
absent
PYROGALLOL
Fish and Aquatic Life




Fish and Aquatic Life




 PARAMETER USE AN
D AGEN
CY









Objective for 168 hour week:
Acceptable for 168 hour week:









Canadian Drinking Water Objectives
Objective for 168 hour week:
Acceptable for 168 hour week:
Maximum permissible for 168 hour week:
Ontario Provincial Drinking Water
Objectives















1 ICRP (MPC)W. The objective may be achieved if gross radioactivity in
water is maintained at <10 pCi/ﬂ. ICRP (MPC)w = International Commission
on Radiological Protection Maximum Permissible Concentration in Water.
In accordance with and subject to the criteria, standards, or requirements
prescribed by the U.S. Atomic Energy Commission as set forth in the
applicable code of Federal Regulations, Title 10, Part 20.
Not to exceed the lowest concentrations permitted to be discharged to an
uncontrolled environment as prescribed by the appropriate authority.
The criteria in the Radiation Protection Code, Wisconsin Administration
Code, Section H57.l5 shall apply to the disposal and permissible














l ICRP (MPC)w The objective may be achieved if gross radioactivity is








































US Water Quality Criteria

















US Drinking Water Standard





Ontario Provincial Drinking Water
Objectives
 
















not exceed 0.01 mg/Q.














Fish and Aquatic Life
Agreement Objective
Proposed Agreement Objective




Waters should be free from substances attributable to discharges
resulting from human activity that will settle to form putrescent or
otherwise objectionable sludge deposits or affect aquatic life or
waterfowl.
Waters should be free from substances attributable to discharges
resulting from human activity that will settle to form putrescent
or otherwise objectionable sludge deposits or that will alter Secchi
disk depth by more than 10%.
Settleable and suspended solids should not reduce the depth of the
compensation point for photosynthetic activity by more than 10% from


















US Drinking Water Standard
Canadian Drinking Water Objectives
Maximum Permissible:
Wisconsin State Standard
















CRITERXA; STANDARDS; OBJECTIVES; AND GUIDELINES
SODIUM
Drinking water
US Drinking Water Standard
The adoption of maximum contaminant levels is recommended.
Wisconsin State Standard
Information on concentrations to be made available to consumers.
SULPHATE
Raw Water


















US Drinking Water Standard
Recommended that states institute monitoring programs, transients be






























































No change to adversely affect use.
Recommends no desirable temperature.





























































































































































































































CRITERIA, STANDARDS, OBJECTIVES; AND GUIDELINES
TEMPERATURE (oont'd)










no changes that may adversely affect aquatic life, and no significant
artificial increases where there is natural trout reproduction. Maximum






(see also Odour and Phenols)
Raw Water











no objectionable odour; any odours present should be removed.
Treshold odour number = 3
materials producing odour in such amounts shall not be present.
























not to exceed present levels
not to exceed 200 mg/ﬁ.





















































































































































































































































































































































































































Fish and Aquatic Life
US Water Quality Criteria
Dredging
EPA Dredging Guidelines
Ontario Provincial Marine Construction
Guidelines
























US Drinking Water Standard
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